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PORMIHa A WELLBORE CASING BY BXPAKSION OP A TUBULAR MEMBER 



Background of the Invention 

This invention relates generally to wellbore casings, and 
5 in particular to wellbore casings that are formed using 
expandable tubing. 

Conventionally, when a wellbore is created, a number of 
casings are installed in the borehole to prevent collapse of 
the borehole wall and to prevent undesired outflow of drilling 
10 fluid into the formation or inflow of fluid from the formation 
into the borehole. The borehole is drilled in intervals 
whereby a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed casing of 
an upper borehole interval. As a consequence of this 
15 procedure the casing of the lower interval is- of smaller 
diameter than the casing of the upper interval. Thus, the 
casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided 
between the outer surfaces of the casings and the borehole 
20 wall to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively large 
borehole diameter is required at the upper part of the 
v^ellbore. Such a large borehole diameter involves increased 
costs due to heavy casing handling equipment, large drill bits 
25 and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to 
required cement pumping, cement hardening, required equipment 
changes due to large variations in hole diameters drilled in 
the course of the well, and the large volume of cuttings 
30 drilled and removed. 

The present invention is directed to overcoming one or 
more of the limitations of the existing procedures for forming 
new sections of casing in a wellbore. 
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Summary- o£ the Invention 

According to one aspect of the present invention, there 
is provided a method of creating a casing in a borehole 
located in a subterranean formation, coir^jrising: installing a 
5 tubular liner and a mandrel in the borehole; injecting a 
fluidic material into the borehole; injecting the fluidic 
material through the mandrel; pressurizing a portion of an 
interior region of the tubular liner below the mandrel; and 
radially expanding at least a portion of the tubular liner in 
10 the borehole by extruding at least a portion of the tubular 
liner off of the mandrel. 

According to another aspect of the present invention, 
there is provided a method of creating a casing in a borehole 
located in a section of a svibterranean formation, the borehole 
15 having an already existing casing, comprising: drilling out a 
new section of the borehole adjacent to the already existing 
casing; placing a tubular liner and an expandable mandrel into 
the new section of the borehole; overlapping the tubular liner 
with the already existing casing; injecting a hardenable 
20 fluidic sealing material into an annular region between the 
tubular liner and the new section of the borehole; fluidicly 
isolating the annular region between the tubular liner and the 
new section of the borehole from an interior region of the 
tubular liner below the mandrel; injecting a non hardenable 
25 fluidic material into the interior region of the tubular liner 
below the mandrel; extruding the tubular liner off of the 
expandable mandrel; sealing the overlap between the tubular 
liner and the already existing casing; supporting the tubular 
liner with the overlap with the already existing casing; 
30 removing the mandrel from the borehole; testing the integrity 
of the seal of the overlap between the tubular liner and the 
already existing casing; removing at least a portion of the 
hardenable fluidic sealing material from the interior of the 
tubular liner; curing the remaining portions of the hardenable 



fluidic sealing material; and removing at least a portion of 
the cured hardenable fluidic sealing material within the 
tubular liner. 

According to another aspect of the present invention, 
5 there is provided an apparatus 

comprising: a support member, the support member including a 
first fluid passage; a mandrel coupled to the support member, 
the mandrel including: a second fluid passage; a tubular 
member coupled to the mandrel; and a shoe coupled to the 

10 tubular member, the shoe including a third fluid passage; 
wherein the firsts second and third fluid passages are 
operably coupled. 

According to another aspect of the present invention, 
there is provided an apparatus 

15 con^jrising: a support member, the support member including: a 
first fluid passage; a second fluid passage; and a flow 
control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the 
expandable mandrel including a third fluid passage coupled to 

20 the first fluid passage; a tubular member coupled to the 
mandrel, the tubular member including one or more sealing 
elements; a shoe coupled to the tubular member, the shoe 
including: a fourth fluid passage coupled to the third fluid 
passage, the fourth fluid passage adapted to receive a stop 

25 member; and one or more exhaust passages coupled to the fourth 
fluid passage for injecting fluidic material outside of the 
shoe; and at least one sealing member coupled to the support 
meniber, the sealing member adapted to prevent the entry of 
foreign material into an interior region of the tubular 

30 member. 

According to another aspect of the present invention, 
there is provided a method of joining a second tubular member 
to a first tubular member, the first txibular member having an 
inner diameter greater than an outer diameter of the second 



txibular member, corrqDrising: positioning a mandrel within an 
interior region of the second tubular member; pressurizing a 
portion of the interior region of the second tubular member 
below the mandrel by injecting a fluidic material into the 
5 second tubular member through the mandrel ; and extruding the 
second tubular member off of the mandrel into engagement with 
the first tubular member. 

According to another aspect of the present invention, 
there is provided an apparatus 

10 comprising: a support member including a first fluid passage; 
a mandrel coupled to the support member, the mandrel 
including: a second fluid passage operably coupled to the 
first fluid passage; an interior portion; and an exterior 
portion; wherein the interior portion of the mandrel is 

15 drillable; an expandable tubular member coupled to the 
mandrel; and a shoe coupled to the txibular member, the shoe 
including: a third fluid passage operably coupled to the 
second fluid passage; an interior portion; and an exterior 
portion; wherein the interior portion of the shoe is 

20 drillable • 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

25 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the interface between the 

30 tubular liner and the expansion mandrel is not fluid tight. 

According to another aspect of the present invention, 
there is provided an apparatus 

con¥>rising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 



an outer e3q>ansion siirface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; a 
shoe coupled to the tubular liner defining a third fluid 
passage; and a packer coupled to the shoe; wherein the first, 
5 second and third fluid passages are operably coupled. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expemsion mandrel coupled to the support member including 

10 an outer expansion surface and defining a second fluid 
passage; a ttibular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the third fluid passage 

15 defined by the shoe comprises one or more radial passages. 

According to another aspect of the present invention, 
there is provided an apparatus 

comprising: a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including 

20 an outer expansion surface and defining a second fluid 
passage; a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a third fluid 
passage; wherein the first, second and third fluid passages 
are operably coupled; and wherein the wall thickness of a 

25 portion of the tubular liner above the expansion surface of 
the expansion mandrel is greater than a wall thickness of a 
portion of the tubular liner below the expansion surface of 
the expansion mandrel. 

30 Brief Description of the Drawings 

Pig. 1 is a fragmentary cross- sectional view illustrating 
the drilling of a new section of a well borehole. 
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Pig. 2 is a fragmentary cross-aectional vi'ew illustrating 
the placement of an embodiment of an apparatus for creating a 
casing within the new section of the well borehole. 

Pig. 3 is a fragmentary cross-sectional view illustrating 
5 the injection of a first quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 

Pig. 3a is another fragmentary cross -sectional view 
illustrating the injection of a first quantity of a hardenable 
fluidic sealing material into the new section of the well 
10 borehole. 

Fig. 4 is a fragmentary cross -sectional view illustrating 
the injection of a second quantity of a hardenable fluidic 
sealing material into the new section of the well borehole. 
Fig. 5 is a fragmentary cross -sectional view illustrating 
15 the drilling out of a portion of the cured hardenable fluidic 
sealing material from the new section of the well borehole. 

Pig. 6 is a cross-sectional view of an overlapping joint 
between adjacent tubular members which can be utilised in 
apparatus of the present invention. 
20 Pig. 7 is a fragmentary cross-sectional view of a 

preferred embodiment of the apparatus for creating a casing 
within a well borehole. 

Fig. 8 is a fragmentary cross-aectional illustration of 
the placement of an expanded tubular member within another 
25 tubular member. 

Fig. 9 is a cross-sectional illustration of a preferred 
embodiment of an apparatus for forming a casing including a 
drillable mandrel and shoe. 

Fig. 9a is another cross -sectional illustration of the 
30 apparatus of Pig. 9. 

Fig. 9b is another cross-sectional illustration of the 
apparatus of Fig. 9. 

Fig. 9c is another cross-aectional illustration of the 
apparatus of Pig, 9. 
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^G.10aisam>6s-8ectioi«lilhist»tionofawellboieindudi^ 
adjacent o verliq)pmg casings. 

FIG. 10b i. a ^.ecti^ Bwir^on of an ^.pamus and method for 
creatii* a tie*ack liner nstog an eipandible tubular member. 

no. 10c is a croaa-eectiond illuatration of the pnmpingof a ftaidic 

»to the annular ^ between the tubular member and the ^ 

oftb r.!'/'"""*^°^°'^'""'*^»''^P~»-^«fthein^ 
of the tubular member below the mandreL 

10 J^G^l<tei»a™cttonalilha*ra«onofthee*u.ionofthetubu]„ 
member off of the mandrel 

out the shoe and packer. 

15 ^J""- " • """^^ «f completed tie^ack liner 

16 <»atednsmganeipandihletubnlarniember. 

no. 1 la i. a fragmentary aose-eectional view ilh^tnrting the drffl^ 
new section ofa well borehole. ~™«<h» 

™"'>"«*»8n>enta^«.*aectionalviewilta.tr.tin»theplacea«rtof 
.n«nb,dnnentofan.pp.ratusf.rhangi„gatubul.r 

Of the weU borehole. "lenew section 



HG. lie is a fragmentary cnas-sectional view fllustrating the iniection of 

30 .^Z^^'^'^'--^'-'^''^^'^ 
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Detailed Deseription of the lUiistrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlapping^int that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 

10 member to be siqpported by an existing tubular monbar by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method fiurther minlmiTiPB the reduction in the hole size of the 
weUbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using on overlapping joint that prevents fhiid and/or 

20 gas passage. The apparatus and method fijrther permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tabular member. 

An apparatus and method for expanding a tubular member is also {ffovided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
permit theinterior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 

30 wellbore is also provided The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The sqpparatus and method further have 
application to the joining of tubular membos in generaL 



RefemnginitiaJIytoFigs. l-S. an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described. As iUustrated in Pig. 1. a weUbore 100 is positioned in a subterranean 
formation 105. The weUbore 100 includes an existing cased section 110 having a 
6 tubular casing 116 and an annular outer layer of cement 120. 

In order to extend the weUbore 100 into the subterranean formation 105 
a driU string 126 is used in a weU known manner to drill out material fh,m the 
subterranean formation 106 to fonn a new section 130. 

As illustrated in Kg. 2. an apparatus 200 for forming a wellbore casing in 
10 asubterraneanformationisthenpositionedinthenewsection 130 of the weUbore 
100, ^eapparatas200preferablyinchidesanexpandablemandrelorpig205 a 
tubular member 210. a shoe 215. a lower cup seal 220. an upper cup seal 225 ' a 

Ihiidpassage230.afl«idpassage235.anuidpassage240.seals245.andasuppo'rt 
member 260. 

15 '*««'»™w.lem<a,drel 205 is coupled to and supported by the suppcrt 

member 250. The e:,pandab.e u^l 205 u, preferably adapted to cont^Bably 
«pM>d ta a radial direction. The «cp«>dabte nandrel 205 ma, comprise any 
number of conventional commerdaUy available e:,»ndd,le mandrels modified in 
accordance with the teaching, of the present di«*»ure. In a preferred 

20 »»''°<«»«t,thee^dabIemand«.206comprtsesahydra„H.expansiontoolaa 
d^dosed in U.S. Patent No. 5.348,096, the .«.tents of which are incorpo^ted 
herem by rd-erence, modified in accordance with the teaching, of the present 
oisGlosure. 

Thetubularme»ber210issupp„rtedbythee:q,.ndablemandrel205 The 
25 tubular member 210 i. expm^ in the «lial direction and extruded offof the 
«l»mdable mandrel 206. The tubular member 210 may be fabricated f^om any 
numb» Of conventional comme^ally available material 

CWfleH Counts- Good, (OCTG), 13 ch^mium steel tubingfcas^ or 
plastic ^ing/casing. In a prefer embodiment, the tubular member 210 is 

30 "^n^atedft^-OCTGinordertomeximizestrengthafterexpansion. 'n.einner 
and omer d,ame«ts offte >ubdar men*„ 210 may nngc. for «.^So™ 
appn.xiina.dy 1.905 u> 1 19.38 cms (0.75 to 47 i™,h«) «k1 2.667 to 121.92 cms 
(1.05 to 48 indies), respectively. Liaprefened 



embodiment, the inner and outer diameters of tlie tubufsur'inember 210 range 
from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 
inches), respectively in order to optimally provide minimal telescoping effect in 
the most commonly drilled wellbore sizes. The tubular member 210 preferably 
comprises a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
210 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 
prefened embodiment, the length of the tubular member 210 is limited to 
minimize the possibility of buckling. For typical tubular member 210 materials, 
the length of the tubular member 210 is preferably limited to between about 
12.192 to 6096m (40 to 20.000 feel) In length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes nuid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
example, Super Seal II float shoe. Super Seal II Down-Jet noat shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with 
the teachings of the present disclosure. In a prefened embodiment, the shoe 
215 comprises an aluminum down-jet guide shoe with a sealing sleeve for a 
latch-down plug available from Halliburton Energy Sendees in Dallas, TX, 
modified in accordance with the teachings of the present disclosure, in order to 
opUmally guide the tubular member 210 in the weUbore, optimally provide an 
adequate seal between the interior and exterior diameters of the overiapping 
joint between the tubular members, and to optimally allow the complete drill 
out of the shoe and plug after the completion of ttie cementing and expansion 
operations. 

In a preferred embodiment, the shoe 215 includes one or more through 
and side ouUet ports in fiuidlc communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fluldic sealing material into 
the region outside Uie shoe 215 and tubular member 210. In a preferred 
embodiment, the shoe 215 includes the fluid passage 240 having an inlet 
geometry that can recehre a dart and/or a baU sealing member. In this manner, 
ttie fluid passage 240 can be optimally sealed off by Introducing a plug, dart 
and/or ball sealing elements into tiie fluid passage 230. 



The lower cup seal 220 is coupled to and supported by the support member 
250. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 

(SIP)cupsmodifiedinaccordancewiththeteachingsofthepr«sentdisclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 

from Halliburton Energy Servicesin Dallas, TX in order to <q>timallyblockfore^^ 
material and contain a body of lubricant 

10 The upper cup seal 225 is coupled to and supported by the support member 

250. The upper cup seal 225 preventsforeign materials from enteringthe interior 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals such as. for example. TP 
cups or SIP cups modified in accordance with the teachings of the pre^nt 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 

cup.availablei«,mHamburtonEnergyServicesinDalIas,TXinordertooptimaUy 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the hibular member 210 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel 205. The fluid passage 230 is prefei^ly positioned along a centerline of 
the apparatus 200. 

25 n,e fluid passage 230 is preferably selected, in the casing running mode of operation, to 

transport materials such as drilling mud or formation fluids at flow mes and pressures ranging 
from about 0 to 11356.2355 Ktres/nunute (0 to 3.000 galJons/minute) and 0 to 620.52813 bar (0 
to 9.000 psi) in order to minimize drag on the mbular member being run and to minimize surge 
pressures exerted on the wellbore >vhich could cause a loss of wellbore fluids and lead to hole 
collapse. 

The fluid passage 235 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 

// 
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new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the weUbore 100 above the tubular member 210 
therebyminimizingsurgepressuresonthewellboresectioniao. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for oontroUably 
opening and closingthefluidpassagB 235. In a preferred embodiment, the control 
valveispressureactivatedinordertocontrollablyminimizesurgepressures. The 

fluidpa88agB235ispreferabfypositionedsubstantiaIbrorthogonaltothecenterlin^ 
10 ofthe apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3,000 
gallonsAninute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
15 minimize surge pressures on the new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferably has a c«,ss-sectional 
shape thatpermitsaplug. or other similar device, tobeplaced in fluidpassage 240 
to thereby blockfurtherpassageoffluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 

fluidiclyisolatedfromtheregionexteriortothetubularmember2l0. Thispermits 

25 the interior region of the tubular member210belowthe expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantiaUy 
along the centerline ofthe apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, driUmg mud or epoxies at flow rates and pressures ranging from about 0 to 

30 1 1 356.2355 litres/minute (0 to 3.000 gallons/minute) and 0 to 620.528 1 3 bar (0 to 9 000 
psi) in order to optimaUy fill the annular region between the tubular member 210 and the 
new section 130 ofthe wellbore 100 with fluidic materials. In apreferred embodiment, 
the fluid passage 240 
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includes an inlet geometiy that can receive a dart and/or a baU sealing member 
In this maimer, the fluid passage 240 can be sealed offby introdudnga plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are further positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260ofthetubularmember210tobefluidiclysealed. The seals 245 may comprise 
any number of conventional commercially available seals such as. for example 
10 I^nAber.Teflon^.orcpoxysealsmodifiedinaccordancewiththete^^^^ ' 
thepresentdisdosure. In a preferred embodiment, the seals 245 are molded from 
Stratalockepo^availableWHallibmrtonEnergySendcesinDallas.TO 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 246 are selected to optimally provide 

asuffidentfrictionalforce to support theexpanded tubular member210from the 
existmg casing 115. In a preferred embodiment, the frictional force optimally 
prov,dcd by the seals 245 ^ges fro™ about 68.94757 to 68.947.57 bar (I.OOO to 
1.000.000 Ibf) in order to optimally support the expanded tubular member 2 10. 

20 Thesupportmember250iscoupledtotheexpandablemandrel205,tubular 
member 210, shoe 215. and seals 220 and 225. Tke support member 250 

preferably comprises an annular member having suffident strength to carry the 
apparatus 200 into the new section 130 of the weUbor. 100. In a preferred 

«-^°diment.thesupportmember260to^^^ 
25 centralizers (not illustrated) to help stabilise the apparatus 200. 

In a preferred embodhnent. a quantity of lubricant 275 is provided in the 
annular «gion above the expandable mandrel 205 within the interior of the 

tubularmember2lO.Inthismanner.theextrusionofthetubularmember210ofr 
°^*^-'^-dablemandrel205isiadhtat^Thelubricant275maycomp^ 
number of conventional commerdalty available lubricants sud, as. for e^mple 
Lubnplate™. chlorine based lubricants, oil based lubricants or Climax 1 500 Antisieze 
(3100). In a preferred embodiment, the hxbricant 276 comprises Climax 1500 
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Antisieze(3100)avaikblef«>mCliinaxLubricantsandEquipmem 

TX in order to optimaUy provide optimum lubrication to faciliate the expansion 

process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 Priortoassemblytotheremainingportion8ofthe^paratus200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. Thii 

minimizes thepossibiUty of foreign materialdoggingthevariousflowpassagesand 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the wellbore 100. a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weUbore 100 that might clog up the various flow passages and valves of the 

apparatus200andtoensurethatnoforeignmaterialinterfereswiththeexpansion 
process. 

15 AsiUustratedinFig.3.thefluidpassage235isthenclosedandahardenable 
fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 

interior regionSlOofthe tubular member210belowtheexpandable mandrel 205 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 
The material 305 is preferably pumped into the amiular region 315 at pressures 
25 and flow mes ranging, for example, fiom about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678.1177 litres/minute (0 to 1.500 gallons/min). respectively. The optimum flow 
rate and operating pressures vary as a fimction of the casing and weUboie sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably determined 
using conventional empirical mediods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as. 
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for example, Blag mix, cement or epossy. In a preferred «nbodiment, the 
hardenable fltiidic sealing matoial 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubxilar member 210 
5 while also maintniniTig optimum flow characteristics so as to minimize difficulties 
during the displacement of cement in the annular region 316. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 315 preferab^r is filled with the material 305 in 
10 sufficient qua ntit i e s to ensure that, upon radial ecpanston of the tubular member 
210, the annular region 316 of the new section 130 of the wellbore 100 will be filled 
with material 305. 

In a particular^ preferred embodiment, as iUustrated in Fig. 3a, the wall 
thickness and/or the outor diameter of the tubular member 210 is reduced in the 

15 region a^jacrat to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with tight clearances. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular r^on 315 has been adequately 

20 filled with material 305, a plug 405, or other similar device, is introduced into the 
fluid passage 240 thereby fluididy isolating the interior region 310 from the 
annularregionSlS. Inapreferredembodiment,anon-hardenablefluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the interior of the expanded tubular member 210 will 

25 notcontain8ignificantamountsofcuredniaterial305. This reduces and simplifies 
the cost of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 

30 Proce88,theexpandablemandrel205mayberaisedoutoftheexpandedportionof 
the tubular member 210. In a preferred embodiment, during the extrusion 

process, the mandrel 205 is raised at apprmdmatebr the same rate as the tubular 



member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new weUbore section 130. In an alternative preferred embodiment, 

theextrusionprocess is commenced with the tubular member210positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 206 stationary, 
5 and allowing the tubular member 210 to extrude oflFof the mandrel 205 and fall' 
down the new weUbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 406 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealingmaterial305fromthenonhardenablefluidicmaterial306. 

The plug 405 may comprise any number of conventional commercially 

available device8frompluggingafluidpassagesuchas,forexample,MultipleStage 
Cementer (MSG) latch^own plug, Omega lateh-down plug or three-wiper latch- 
down plugmodified in accordance with the teachings of the present disclosure. In 

15 apreferredena«Hiiment,theplug405comprisesaMSCktch-downplugavaila^ 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, from approximately 27.579028 to 689 4757 bar f400 
20 ^°'<>'^P«)-dll3.5623 to 15141.6473 litres/minute(30to4.000gallons/^^^ L 
tos manner, the amount of hardenable fluidic sealing material within the interior 3 10 of 
*e tubular member 2 1 0 is nunimized. In a preferred embo^^^^^^ 
plug 405 m the fluid passage 240. the non hardenable material 306 is preferably pumped 
mto fte mterior region 3 10 at pressures and flow rates ranging from approximately 
26 ''^'''^'f "«"''«'(^00»<>^.000psi)and 151.4164 to 11356.2355 litres/minute (40 
26 to3.000sallonsAnin)inonlertomaximizetheextrusionspeed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205. the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210. the wall 
thickness of the tubular member 210. the type of lubricant, and the yield strength 
ofthetubularmember2l0. In general, the thicker the waU thickness, the smaDer 
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the inner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating pressures required to extrude the tubular member 
210 ofif of the mandrel 205. 

For typical tubular members 210, the extruston of the tabular member 210 
5 off of the expandable mandrel will begin when the pressure of the interior region 
310 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9,000 psi). 

During the extrusion process, the ejqtandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, fromaboutOtoSft/sec. In a preferred embodiment, during the extrusion 
10 process, the expandable mandrel 206 is raised out of the expanded portion of the 
tubular member 210 at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
minimize the time required for the expansion process while also permitting easy control 
of the expansion process. 

When the end portion 260 of the tubular member 210 is extruded offof the 
15 expandable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casmg 1 15 to form an fluid tight overlapping joint. The contact 
pressure of the overlapping joint may range, for example, from approximately 3.447379 to 
1,278.9514 bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure of the 
20 overlapping joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in 
order to provide optimum pressure to activate the annular sealing members 245 and optimally 
provide resistance to axial motion to accommodate typical tensile and compressive loads. 



The overlappingjoint between the section410of the existingcasingll5and 
thesectton265ofthe expanded tubular member210preferablyprovidesagaseous 
25 andfluidicseal. In a particularly preferred embodiment, the sealing members 245 
optimally provide a fluidic and gaseous seal in the overlappingjoint. 

In a preferred embodiment, the operating pressure and flow rate of the non 

hardenable fluidic material 306 iscontrollablyrampeddown when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be minimized. In 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end of the extrusion process beginning 
when the mandrel 205 is within about 1.524 m ( 5 feet) from completion of the extnision 
process. 

5 Alternatively, orincombination, ashockabsorberisprovidedinthesupport 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the vrellbore 100. In apreferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the nuidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then anyuncured portion of the material305 within the expanded tubular member 
20 210i8thenremovedinaconventionalniannersuchas,forexample,cii«ulatingthe 
uncured material out ofthe interior ofthe expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 306 within 
25 the annular region 315 is then aUowed to cure. 

As iUustrated in Fig.5,preferablyanyremainingcured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annularlayer515ofcuredmaterial305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart: 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 



As illustrated in Fig. 6, the upper portion 260 of the ttibul&r member 210 
includes one or more sealii^ members 605 and one or more pressure relief 
holes 610. In this manner, the overiapping joint between the lower portion 270 
of the casing 1 1 5 and the upper portion 260 of the tubular member 2 1 0 is 
pressure-tight and the pressure on the interior and exterior surfaces of the 
tubular member 210 is equalized during the extrusion process. 

The sealing members 605 are seated within recesses 615 formed in the 
outer surface 265 of the upper portion 260 of the tubular member 210. In an 
alternative preferred embodiment, the sealing members 605 are bonded or 
molded onto the outer surface 265 of the upper portion 260 of the tubular 
member 210. The pressure relief holes 610 are preferably positioned in the last 
few feet of the tubular member 210. The pressure relief holes reduce the 
operating pressures required to expand the upper portion 260 of the tubular 
member 210. This reduction in required operating pressure in turn reduces the 
velocity of the mandrel 205 upon the completion of the extrusion process. This 
reduction in velocity in turn minimizes the mechanical shock to the entire 
apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a wellbore preferably includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 71 5, a float shoe 720, a lower cup seal 725, an upper cup seal 
730, a fluid passage 735, a fluid passage 740, a support member 745, a body of 
lubricant 750, an overshot connection 755, another support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 Is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. 
In a preferred embodiment, the expandable mandrel 705 comprises a l^draulic 
expansion tool substantially as disclosed in U.S. Pat No. 5,348,095. the contents 
of v^chare 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Countty Tubular Goods, stainless steel, titanhun or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fisibricated. In this manner, the 
container 710 can be fabricated frt>m a fcubtilar material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the wellbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example. Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 716 is fiabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 716 has a substantially circular «TiTn i]nr cross-section. 

The tubular member 715 preferabty includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vid^ 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined Iv the regionbeginningin the vicinityoft^ 
container 710 and ending with the region in the vicinity of the mandrel 705 The 
lower section of tiie tubular member 715 is preferably defined by the region 
begmningin the vicinity of the mandrel 705 and ending at the bottom 825 of the 
5 tubular member 715. 

In . prrferod embodiment, tb. ™a thiclmess of the upper section 806 of 
the tubolsr member 715 is greater than the well thicknesses of the intermediate 
and lower section. 810 «.d 815 of the tubular member 715 in order to opthnally 
«-^'-'k.toitiationoftheextru.i.npr«=es,m«,optimdlypermitthe.^ 
10 700»obepositionedinloc«tionsinthewellboreha™gti^tdeanmces 

zz r„ rTT'" - '^'^ - <• <« •»« »d 0.3,75 . 

111 • ' '""■^ ™^ «» »a ^, ^ ^ 

intermediate section 8 1 0 of the tubular m.-™K^, -7 1 c , 
•"10.3175 B 3.175 ems (1/8 10 U5 iiKbe,). rap«li„,y. 

7,5 nJ" "T '"•'°» "5 -f mender 

7,5niayniiije,(brexainp,elromaboul635tol27m,.o<. u 

cnisn/16i„l75- ., r ""'-"""2'°»""'»50mch«)a™l0.l5875lo3.175 

exaiiq)Jc, aJumuiiimi are used. 

Pi^fened «„bodm,=„, ^ ^ p,rt„„ 820 of m.„,b„ „ 5 u s,on«i 

pcrfo^,«,„«be™i„m«fifi«„„cstth.rslo»down«,.m™d„„05wh«,i'. 
^ co™p,«««,e«,„^™„,^„,„„^,,j h..prcfe„«,e,nbodin..„,U,c 
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The shoe 720 ,s coupled to the e^dable n^l 705 and the luar 
5 .^her 715. The .hoe 720 inCudes the fluid p^s.^ 740. I„ a 

rpot:;''t"°''^'^''""'"'''"'^''»«--»---^^ 

of rt,? ' •^"^•'-^ «>^t, the cross^etional shape 
of the mlet 830 is adapted .0 reci^ a hUdHio™ d.^ „ ^ 

ele^enU. f„. hlocki^ the hUst passage 830. ^ i^teHor of the ITZ 

«^---'M,of«>Ud™^8«fo.i^the 

availab^ T -"-^ of convention 

15 . ^ " or guide 

IS shoe with a sealinff fo^ « i^* u j . guiae 

te«=hin« „fT^ a latch do™ ph^ n,„difled in accwUmce »ith the 

of the present disclosure. In a prefened emhodin,«.t. the shoe 720 

7'''^"'*»^-<'°-ietg„ideshoewith..eaiing.Uevef.!l^dr 
P-ug ™e tr^ Hamhurton Kr^ Services in iLla. 

uiar member 716 m the wellbore, optimize the seal between th« 
tubular member 715 anrf q« .« oeiween the 

Thelowerc«pseal725i.eo„p,edto«„,snpp,rtedh.thesupportLber 

- ^on^lTZrtllTrT""'^^"-""^--'-' 
copseal725»,. mandrel 705. Thelowr 

-«Hedlnac;.rdaI^'tlT " ™ ™'» 

theZ:trrarsr: 

30 Ha-^-Kner^Ser^ces;" ""^'^ 
banierandholdaho^yofluhricant ' """"^ "W"™"^" 
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The upper cup seal 730 is coupled to and supported by the support member 
760. Theupper cup seal 730 prevents foreign materials from enteringthe interior 
region of the tubular member 716. The upper cup seal 730 may comprise any 
number of conventional commerdally available cup seals such as. for example TP 
6 cups or Selective Injection Packer (SIP) cup modified in accordance with'the 

teachings ofthepresentdisclosure.Inapreferred embodiment, theupper cup seal 
730 comprises a SIP cup available from Halliburton Energy Services in Dallas. TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 permits fluidic materials to be transported to and 
10 ftomtheinteriorr^onof thetubularmember 715 belowthe expandable mandrel 
705. The fluid passage 736 is fluidicbr coupled to the fluid passage 740. The fluid 
passage 735 is preferably coupled to and positioned within the support member 
760, tte support member 745, the mandrel container 710. and the expandable 
mandrel706. The fluid passage 736 prefe«.bly extends from a position adjacent 
16 tothesurfacetothebottomoftheexpandablemandrel705. The fluid passage 735 
ispreferablypositionedalongacenterlineofthe apparatus 700. The fluid passage 
735 IS preferably selected to transport materials such as cement, drilling mud or 
epoxtcs at How rates and pressures ranging from about 151.4164 to 1 1356.2355 litres/minute (40 to 3 000 
gaUons/minutc) and 34.473 to 620.52813 bar (500 to 9.000 psi) in order to provide sufficient operating 
2Q pressures to extrude the tubular n«nber 715 offof the expandable mandrel 705. 

As described above with reference to Figs. 1-6. during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 

fluid passage 735 can bereleased into the wellbore above the tubular member715 

^-P«f«n^embodiment,theapparatus700furtherincludesapressurerelease 
25 passage that is coupled to and positioned within the support member 260 The 

pre8Sur«releasepassagei8furtherfluidiclycoupledtothefluidpassage735 The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a px^ferred embodiment, the control 
^^^veispressureactivatedinordertocontrollablyminimizesurgepressures.^^ 
30 P-e^^ release passage ispreferablypositioned substantially orthogonal to the 
centerline of the apparatus 700. Tte pressure release passage is preferably 

selected toconveymaterialssuchascement.drillingmud or epoxiesatflowrates 

^3 
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and pressures ranging from about 0 to 1 892.7059 litres/minute (0 to 500 gallons/minute) and 0 to 68.94757 
bar (0 to 1 .000 psi) in order to reduce the drag on the apparatus 700 during insertion into a new section of a 
wellbore and to minimize surge pressures oa the new welUxMe section. 

The fluid passage 740 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 716 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 
10 to thereby block furtherpassage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimaUy fluididy isolated from the region exterior to the tubuhir member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be juressurized. 
15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 11 356.2355 litres/minute (0 to 3.000 gallons/minute) 
and 0 to 620.52813 bar (0 to 9.000 psi) in order to optimally fill an annular region 
20 between the tubular member 715 and a new section of a wellbore with fluidic materials. 
In a prefencd embodiment, the fluid passage 740 includes an inlet passage 830 having a 
geometry that can receive a dart and/or a ball sealing member. In this manner, the fluid 
passage 240 can be sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 

25 ^'»*P«fe«^embodiment,theapparatU8700furtherincludesoneormore 
seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surfece of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidicly sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber. Teflon™, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded ftom StrataLock epoxy available from Halliburton Energy Services in 
Dallas. TX in order to optimally provide a hydrauHc seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 

5 ^««^casmgwithoptimalloadbearingc^citytosupportthetubularmember 
715. 



^'^P«f-'^embodiment.the8eals845a«8electedtoprovidea8ufSd^ 
fhctional force to support the e^anded tubular member 715 from the existing 

casing. I-prefexTedembodiment.thefrictionalforcep,xmdedbytheseals845 
10 ranges trom about 68.94757 to 68.947.57 bar (1.000 to 1.000. 000 ibf) in order to 
optimally support the expanded tubular member 715. 

'n»™M»rt»enUw746i.pr.fera%«mpledtotheexpandableman^ 
706 a«I the a«rd»t connection 765. nie support member 746 preferably 

16 700mt„anew«ctionof.™Dbore. The ^.pport member 746 may comprise any 
number of conven&mal commerrially agitable support member, such a. for 

««nple, steel drm pipe, coiled tubingor other high strength tubular modi««i in 
accordance with the teachings of the pr..«.t disclosure. In a prefer,^, 

•■^«'.thesupportmember746«mp,i.esconve.tlon.ldriI]pipea™ilable 
20 from various steel mills in the United States. 

In a preferred embodiment, a body of hibricant 760 is pro«ded in the 

trr^r^°^'^'^'''^~"'^«™-'^««-teriorof 

thetabularmamber716. Inthi,mann.r.thee«rusionofthetubuh>rm«nber7,6 
o«rofthe«pandablemandrel706isfiicia.ated. ^ lubricant 705 may comprise 

25 any number of conventional commercially available lubricants such as for 
e»mpfe Ubriplate. chlorine based lubriomts, oU based h^ricants, or Cltoax 
^ (3100). In a p^ferred embodiment, the lubricant 760 comprises 

^ 1^ Mtislese (3,00) av.ihU,le from HaUiburton Energy Servil i^ 

30 ^'^'""''"'"''^^^ 'ofhciliat. the extrusion 

J*»<'™'^otcom,cction765isc«»ledtotbesupp.rtmember746andth. 
supportm.mher760. Tl»o,ershot«.m.ection755pre(^lype,miUthe«^rt 

25" 



( 

member 745 to be removably coupled to the support member 760. The overshot 

romiection 755 may comprise any nmnberofconventional commercially available 
overshot comiections such as. for example, Innerstring Sealing Adapter, 

Inaerstriiig Flat-Pace Sealing Adapter or EZ Drill Setting Tool Stinger In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, T2L 

The support member 760 is preferabfy coupled to the overshot connection 
755 and a surface support structure (not iUustrated). The support member 760 

10 preferably conqnises an annular member having sufficient strength to car^ 
apparatus 700 into a new section of a weUbore. The support member 760 may 
comprise any number of conventional commerdalbr available support members 
8Ucha8,fore.ample.8teeldriUpq«,coiledtubingorotherhighstrength^ 
modifiedinaccordancewiththeteachingsofthepresentdisclosure. Inapreferred 

15 «»J>«ii«ent.the8,q,portmember760compriBe8acon^^^ 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiUzer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 716 in order to opldmalty minimize 
bucklingofthetubularmember715. The stabilizer 765 may comprise any munber 
of conventional commerdalty available stabilizers such as, for example EZ Drill 
StarGuides.packershoesordragblod.smodifiedinaccordancewithU«te^ 

25 «fti»ei»esentdisdosure.InaprBferredembodiment,thestabilizer765 

a sealing «di,,ter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
tho„«ghfy cleaned prior to assembly to the remaining portions of the apparatus 
30 700. Inthismanner.theintroductionofforeignmaterialintotheappaxatus700 
ismmimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 

-20 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a coiq>Ie of wellbore volumes are circulated 
throu^ the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the weObore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion process. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 

10 As illustrated in Fig. 8, in an alternative preferred mnbodiment, the method 

and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred CTibodiment, an outer annular lining of cement is not provided in the 
repaired section. In flie alternative preferred embodiment, any number of iluidic 

15 materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a fluidic seal. In an alternative preferred embodiment, the 

20 tubular liner 810 is formed within a horizontaUy positioned pipeline 

as those used to transport hydrocarbons or water, with the tubular liner 810 placed 
in an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another altenmtive preferred embodiment, the method and apparatus 

described herehi is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular Iming of cement is not provided between 
the tubular liner 810 and the wellbore. In the alternative preferred embodiment, 
any number of fhiidic materials can be used to expand the tubular liner 810 into 

30 intimate contact with the wellbore such as, for example^ cement, apn^ lai A g ttiIt 
or drilling mud. 

in 
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Referring now to Figs. 9 9» qk «^ j o 
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In a preferred embodiment, the combined length of the tubukur mfe'mbefs * ' 
902 and 915 are limited to minimize the possibility of buckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 12.192 to 6,096m (40 to 20,000 feet) in length. 

The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 9 1 2 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oilfield tubulars In order 
to optimally provide approximately the same mechanical properties as the 
tubular member 915. In a partlculariy preferred embodiment, the tubular 
member 902 has a plastic yield point ranging from about 275.9028 to 9307.921 95 
bar (40,000 to 135.000) psi in order to opUmally provide approximately the same 
yield properties as the tubular member 915. 

The wall thickness of the upper, Intenmediate, and tower portions, 910, 912 
and 914 of the tubular member 902 may rar^e, for example, from about 0.625 
to 3.81 cms (1/16 to 1.5 inches). In a preferred embodiment, the wall thickness 
of the upper, intermediate, and lower portions, 9 1 0, 9 1 2 and 9 1 4 of the tubular 
member 902 range from about 0.3 1 75 to 3. 1 75 cms (1/8 to 1 .25 inches) in order to 
opUmally provide wall thickness that are about the same as the tubular member 
915. In a prefen-ed embodiment, the wall thickness of the lower portion 914 b 
less than or equal to the wall thickness of the upper portion 910 in order to 
optimally provide a geometiy that will fit into tight clearances downhole. 

The outer diameter of ttie upper, intennediate. and tower portions, 910, 
91 2 and 914 of Uie tubular member 902 may range, for example, from about 2.667 
to 121 .92 cms (1.05 to 48 inches). In a prefened embodiment, the outer 
diameter of Oie upper, inteimediate, and lower portions, 910, 912 and 914 of ttie 
tubular member 902 range from about 8.89 to 48.26 cms (3 'A to 19 inches) in 
order to optimally provide tfie ability to expand ttie most commonly used oilfieM 
tubii^. 

2*T 
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The length of the tubular member 902 is preferably limited to between about 
0.6096 to 1.524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 

5 commerdallyavailabletubularmembersmodifiedinaccordancewiththeteachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills 

Thetubularmember915maycompriseanynumberofconventionalcommercially 
available tubular members modified in accordance with the teachings of the 

10 P'^entdisdosure.Inapreferredembodiment.thetubuiarmemberSlScomprises 
Oilfield Country Tubular Goods available from various VS. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as. for example, threaded comiections 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 

member 902 may compriseapluralilyoftubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as. for example, threaded comxections 
welding or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 

member915maycompriseapluraHty of tubular elements thatarecoupledend to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as. for example, threaded connections, welding or 
machined from one piece. 

26 The support member 904 preferably includes an innerstring adapter 916 

a fluid passage 918. an upper guide 920. and a coupling 922. During operation of 

theapparatus900.thesupportmember904preferablysupportstheapparatus900 
dunng movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 

conventional commercially avaUable materials such as. for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 

30 
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embodiment, the support membar 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to conv^ fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardenable fluidic sealing materials to and ftom the 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
include one or more pressure relief passages (not iUustrated) to release fluid 
pressure during positionmgof the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conv^ance of hardenable fhiidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 

innerstringadapter available from HamT)urton Energy Services in Dallas, TXorder 
to optimally guide the apparatus 900 within the tubular member 915. 

25 Tl»ecoupling922couplesthesupportmember904tothemandrel906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934, an extension sleeve 936. a spacer 938, a housing 940. a sealing sleeve 942 an 

upper cone retainer 944. alubricatormandrel 946. a lubricator sleeve 948. aguide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946. lubricator sleeve 
5 948. and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantiaUy annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as. for example, slotted spring pins or roU 



pin. 
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Th. rubb« 926 i. <»uirfM to the rrt.i,»r 9«, the lubricator mandrel 
946. and the lubricator dee™ 948. Ito rubber cup 926 prevents the ento- of 

fore«nmateriaUmtotbemte.iorregion972ofthetubularmember 902 below the 
rubber cup 926. Tie rubber cup 926 u«y comprise any number of conventional 
commercial^ avaUable rubber cup, such as, for example, TP cup, or Selective 
15 I^^on P«*er (SIP) cup. In a preferred embodiment, the rubber cup 926 

comprisesaSIP cup available from Halliburton Energy Services in DallaMXin 
order to optimaUy block foreign materials. 

In a parficuiarly preferred embodiment, a body of lubricant is ftarther 

provided in theinterior«gion972oftbet»bui.rmember902in,rfer.olubric.e 
20 the mterf«.e between the eaerior surftce of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The hibriamt may comprise «,y 
number of conventional commerciaHy available lubricants such as. for e»mple 
Lubnplate • Alorine based lubricants, oil based tabricmts or CHmax 1500 Antiseize 

25 «lW««).blefromCIIma,I^,.^E^,„^,^^^^^ 

order to optimally provide lubrication to Ibdliate the e«rusion process 

'n»«l«»ion«me928iseoupledtothelowerconeretainer930,thebody 

ofcement932.tb.Wguide934.thee«ensionsleeve936,tbehousi„g940,mI 

30 atrrrT"**' '-^f»™^embodimen,during„p«.ti„nofthe 
30 app„atu. 900. the mbular members 902 ^ 915 are extruded oiTof the outer 

surfaceoftheexpansionconeOSS. Jn a preferred embodim«^ 3:dal m.ve»«.t 
Ofthee^ncone928ispreventedbythel.w.rcone.rtdner930.houaing940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932. the housing 940, and the upper cone 
retainer 944. 

The expansion cone928preferably has a substantially annular cross section. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
cxainplc. fromabout 0.3175 to 7.62 cms (0.125 to 3 inches). In aprefened embodiiaem. the waU thiclLs 

of the expansion cone 928 raises torn aboutO.635 to 1.905 cn«(0.25 to 0.75 inche$)in«dcr to 
provide adequate compressive strength with minimal material. The maximum and minimum outside 
diameters of the expansion cone 928 may range, for exairple. fiom about 2.54 to 1 19.38 cms (1 to 47 
inches). In a preferred embodiment, the maximum and minimum outside diameters of the expansion cone 
928 range from about 8.89 to 48.26 cms (3.5 to 19 inches) in order to optimally provide expansion of 
generally available oilfield tubulars. 

The expansion cone 928may be fabricated from anynumberofconventional 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 

orlowalloy steel. In a preferred embodiment, the expansion cone 928 is fabricated 
from toolsteelinorderto optimally providehi^strengthandabrasionresistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 

example, from about 60 Rockwell C to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 RockweU C in order to optimally provide high yield 
strength. In a preferred embodiment, the e:q>ansion cone 928 is heat treated to 
optimaUy provide a hard outer surface and a resilient interior body in order to 
optimaUy provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
30 «°ventionalcommerciaUyavailablemateriaIssuchas.forexample.ceram^^^ 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optunally provide high 
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strength and abzaaonresistance. The surfece hardness ofthe outer surface of the 
lower cone retainer 930 may range, for example, from about 60 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness ofthe outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to opthnally provide a hard outer sux&ce 
and a resilient interior body in order to optimalty provide abrasion resistance and 
frwrture tou^mess. 

In a preferred embodiment, the lower cone retainer 930 and the e^iansion 
10 cone 928 are formed as an integral one-piece element m order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular membors 902 and 915. 

Thebody of cement 932 is positioned withm the interior of the mandrel 906. 
15 The bo*r of cement 932 provides an mner bearing structure for the mandrel 906. 

The body of cement 932 further may be easily drilled out usingaconventionai drill 
device. In this manner, the mandrel 906 may be easily removed using a 

conventiona] drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercianyavailablecementcompounds.AlternativBly,ahmiinum.castironor 
someotherdrillablemetaUic. composite, or aggregate materialmaybesubstituted 

forcement. Thebody of cement 932 preferably has a substantially annular «ao8s- 
section. 

The lower guide 934 iscoupled to the extension sleeve 936 and housing 940. 
25 Duringopen»tionoftheapparatus900,theWguide934preferabIyhelpsguide 
the movement of the mandrel 906 within the tubular member 902. Thelower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be febricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steel. In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel m order to optimally provide yield strength. 
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The outer auifece of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fiL 

The extension sleeve 936 is coupled to the lower guide 934and the housing 
940. During operation of the apparatus 900. the ertension sleeve 936 preferably 

6 heiPs guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fiibricated from any number of 
conventional commerdalbr available materials such as, for example, oilfield 
tubulars. low alUy Steel or stainless steel. In a preferred embodiment the 
10 «rtenaionsteeve936lsfbbricatedfromlowanoysteelinordertooptim^^ 

highyieldstrength, Theout«surfaceoftheextensionaleeve936preferably mates 
with the inner surfece of the tubular member 902 to provide a sliding fit. Ina 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the nmnber of 
15 componente and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. Tte spacer 938 
preferably inchidestheflmdpassage952andisadaptedtomatewiththeextension 
tube 960 oftheshoe 908. Inthismamier.aphigordartcanbeconv^fromthe 
surface through the fluid passages 918 and 962 into the fluid passage 962 
20 P«fe«bly. the ,«cer 938 has a substantially ammlarcross-section. 

The spacer 938 m,y be fabricated from any number of conventional 
commerdaUy available materials such as. for example, steel, aluminum or cast 
iron. I^aP«feiredembodiment.thespacer938isfabricatedfromaluminum in 
ordertooptimallyprovidedrillabilily. end ofthe spacer 938 preferably mates 
25.aU»theendoftbeextensiontube960. In a preferred embodiment, the spacer 
938andthesealingsleeve942areformedasanintegralone.piecee^^ 

to reduce the nmnber ofcomponente and increase the strength of the i^tus 
The housing 940 is coupled to the lower gmde 9H extension sleeve 936 
«^on cone 928. body of cement 932. and lower cone retainer 930. During 
30 °P-^<-oftheapparatus900,ti»ehousing940pr^erably^ 

mot.onoftheeKpansioncone928. P«ferabty. the housing 940 has a substantial^ 
annular cross-section. 



The houBing 940 may be fabricated from any number of conventional 
commerdaUy available materials such as. for example, oilfield tubulars, low alloy 
steel or stainless steeL In a preferred embodimenVthe housing 940 is fabricated 
from low aU(qr steel in order to optimal^ provide high yield strength. In a 

5 P^ferredembodiment.thelowerguide934.ertensiQnsleeve936andhousing940 
are formed as an integral one-piece element in order to minimize the number of 
components and increase the strength of the ^iparatus. 

In aparticularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fedliate the connection between the 
10 housing940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904. the body of 
cement 932. the spacer938. and theupper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferablyprovidessupport for the mandrel 
906. Thesealingsleeve942ispreferablycoupledtothesupportmember904using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantiaUy annular 
cross-section* 

The sealing sleeve 942 may befebricatedfrom any number of conventi«ml 
commercially available materials such as. for «cample. steel, ahnninum or cast 
m>n. In a preferred embodiment, the sealing sleeve 942 is fabricated from 

20 «i«^ummordertooptimaUyprovidedrillabiKlyoftheseaIingsleeve942. 

In a particularly preferred embodunent, the outer surface of the sealing 

sleeve942indude8oneormoreprotrudonstofaciliatethecoimectionbetweenthe 
sealmg sleeve 942 and the body of cement 932. 

In a particular^ preferred embodiment, the spacer 938 and the sealing 

25 «»-ve942areintegrallyformedasaone.piecedementinordertomuumizethe 
number of components. 

The upper cone retainer 944 i. cmipled to tto «q,ai»tf» 
~.lingale.«942. end theb«iy„f cement 932. Duringoperettonoftheepp.™,™ 

9««-'k«»Pperconeretainer944prefe,.b<ypre«nt.iaUln«*ionofttae^«n«^ 
30cone928. "^e^b.,, the upper cone reteiner 944 h.. . .„b,t„ttany 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
ahiminum or cast iron. In a preferred embodiment, the upper cone retail 944 

is fabricated from ahiminum in order to optimally provide drillabmty of the uppe^ 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimize the 
10 amount ofmaterial that would have to be drilled out 

The hibricator mandrel 946 is coupled to the retainer 924, the rubber cup 
926. the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900. the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 

15 i^terf^betweenthemandrel906andthetubularmember902.Preferably,the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
alumimmiorcastiron. In a preferred embodiment, the hibricator mandr^ 946 is' 
20 fabricated from aluminum in order to optimal^ provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946. the 

retainer 924.therubbercup926,theupperconei«tainer 944. thelubricatorsl^ 
948, and the guide 950. During operation of the apparatus 900. the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The hibricator sleeve 948 may be febricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. Hx a preferred embodiment, the lubricator sleevj 948 is 
30 fabricated from ahminum in order to optimally provide drillabiUly of the 
hibricator sleeve 948. 
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As illuslrated in Fig. 9c, the lubricaior sleeve 948 is signed by the 
lubrtcator mandrel 946. The lubrica.or sleeve 948 In fcm, supports tte nibber cup 

926. ™e'«Wner924couples.he™bbe,cup926tolhelubricatorsleeve948 Ina 
prefeied embodiment, seals 949a and 949b are pravided between the lubncator 
mandrel 946, lubrtcator sleeve 948, and niber cup 926 In orier to optimally seal 
off the interior region 972 of the tubular member 902. 

U» guide 950 is coupled to the lubricaior mandrel 946. the retainer 924, and 
B» lubricator Sleeve 948. During opeiadon of the apparatus 900, the guide 950 
preferably guides the apparatus on the support member 904. Preferably, the guide 
950 has a substantially annular cross secBon. 

ITe guide 950 may be fabricated liom any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
■ma in a prefened embodiment, the guide 950 is fabricated fiom ahrmlnum 
order to optimally provide drillability of the guide 950. 

TTie fluid passage 952 is coupled to the mandrel 906. During operation of 
Uie apparatus, the fluid passage 952 preferably conveys hardenable fluldic 
■™tenals. in aprefened embodiment, the fluid passage 952 is positioned about 
he centertine of the apparatus 900. In a pariiculariy prefened embodiment, the 
nuKi passage 952 b adapted to com^ hardenable fluldic materials at pressures 
and flow rate ranging ftom about 0 to 620.52813 bar (0 to 9,000 psi) and 0 to 
1 1356.2355 Kresftnlnutes (0 to 3,000 gallons/min) in order to optimally provide 
pressures and Bow rates to displace and circulate fluids during the installation of 
the apparatus 900. 

™''-*'-e'en.en.softhemandrel906m*ybecoupledusinganynumber 
of conventional process such as, for example, threaded connections, welded 
connections or cementing. In a prefened embodiment, the various elements of 
the mandrel 906 are coupled using threaded connections and cementing 

T^«''««»P'eferabiyincludesahousing954,abodyofcement956,a 
sealing sleeve 958, an extension tube 960. a fluid passage 962. and one or more 
outlet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
Port|n914of the tubular member 902. During open^Uon of the appa«tus900.th^ 
housing 954piBferabIy couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the extrusion and positioning of the tubxilar member 902. 
Preferably, the housing 954 has a substantially annular cross-section. 

The housing 954 be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optinuOly provide drillability of the housing 954. 

In aparticularly preferred embodiment, the interior surface of the housing 
954 includes one or more protrusions to fadliate the connection between the body 
of cement 956 and the housing 954. 

10 Thebodyofcement956i8coupledtothehousing954,andthesealingsIeeve 
958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 

15 conventional cement compositions. In an alternative embodiment, a driUable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one ormoreoutletjets964. During operation 

20 of the apparatus 900. the sealing sleeve 958 preferably is adapted to conv^ a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to iiy ect the hardenable fluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment.duringoperationoftheapparatus900,the8ealingsleeve958furtter 

25 inchidesaninletgeometrythatpermit8aconventionalplugordart974tobecome 
lodgedintheinletofthe8ealingaIeeve968. In this manner, the fluid passage 962 
may be blocked thereby fluididy isolating the interior r^on 966 of the tubular 
maaaber902. 

In a preferred embodiment, the sealing sleeve 958 has a substantialty 
30 annular cross-section. The sealing sleeve 958 may be febricated from any number 
of conventional commercially available materials such as. for example, steel, 
ahuninum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 

3^ 
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fabricated from aluminum in order to optimally provide drilkbiHty of the sealing 
sleeve 958. 



The extension tube 960 is coupled to the sealing sleeve 958. the fluid 
passage 962. and one or more outlet jets 964. During operation of the apparatus 
5 900. the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into ^ 
outlet jets 964 m order to inject the hardenable fluidic material into an amiular 
region external to thetubularmember902. m a preferred embodiment, during 
operation of the apparatus 900. the sealing sleeve 960 ftirther includes an inlet 
10 geometry that permits a conventional phig or dari. 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 

therebyfluidiclyisolatingtheinteriorregion966ofthetubularmember902 In 
apreferred embodiment, one endoftheextension tube 960 mates with one end of 
the spacer 938 in order to optimaUyfaciUate the transfer of materialbetween the 

f.txrn 
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In a preferred embodiment, the arteneion tube 960 h« a sul«rt«>tWh. 
am,ul.rcro^.seotion. The evasion tube 960 may be fiWcatedfr,™ any n«n*er 
of conventional commercialJy available materials such as. for example sted 
alummum or cast iron. In a preferred embodiment, the exUmsion tube'seo is' 
fabncated from aluminum in order to optimaUy pnMde driUabilHy of the 
extension tube 960. 

H .„ ol"" ^ " "tension 

tube 960, amion. or more ortletjets 964. Duringoperaaon of the apparatus 900. 
the flmd passage 962 is pre,^ conveys hardenable fluidic materials. In a 

25 P"fe™-en*odiment.thefJuidp.ssage9e2ispositionedaboutthecen.^ 
the appa.at«s900. In a particularly prefer™, embodiment, the fluid passage 962 
« adapted to «,n,ey hardenable fluidic materials at pressures and flow „.e 

g*..^n,morder»op.™,„yp„vi..fl„i,sa.c^,o„.Uycmcie„.„,L 

960. »d the fluid passage 962. During ^tion of the appa^ta 900. the «.tlet 
jets 964 preferd>tr conv^ hardenable fluidic material ftom the fluid passage 962 



to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a pluraUly of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages driUed in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 nuiy be coupled using ,ny number of 
conventional pr««s such as, for example, thremted comiections. cement or 
machined from one piece of material. In a pnrferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 

10 I" «P"f«^™l><>dimmt. the a«»mWy 900 ta operated substantially as 

descnbed ab«« with reference to Rgs. 1-8 to create a new section of casing in a 
weBbore or to rqwir a TOllbore casing or pipelme. 

In particular, in order to extend a wellbore mto a subterranean formation 

■ ^ ia»»d in. weU known manner to drin out material from the' 
16 subterranean formation to form a new section. 

n» apparatus 900 for forming a weUbore casing in a subterranean 
fonnation is then positioned in the new section of the weUbore. I„ a particularly 
preferred embodunent, the apparatus 900 inctade. the tubular member 918 In a 
preferred emb«iiment. a hardenable fluidic sealing bard««ble fluidic sealing 
20 material is then pumped from. surito location into the iWd passage 918 The 
hazdenable<luidicse.Hngm...ri.l,henpas«»ftomthefluidp«..ge»18 into the 
mtenor region 966 of the tubular m«nb.r 902 betow the m^rfrel 906. The 
barden^le Acidic sealing material then passe, from the h..erior region 966 into 
the a„.d passage 962. r>^ harden^le ftaidic sealing material then exiu the 
25 epparatu. 900 via the outlet jets 964 and fill. annular region between the 
extoriorofthetuhularmembergoaandtheinteriorwalloftbenewsectionofthe 
weUbore. 0°ntinuedpumpmgofthehardenablefluidicsealingm.terialcusesthe 
metenal to fill up at least . portion of the annuls region 

'^'»«'«'»^'»fl»i'«caaaHng material is preferably pumped toto the 

annular region at pressures and flow rates ramnne for «„n«i. a„ w . 

*"™P'e. from about 0 to 344.73785 bar ro to 5 000 
ps.) and 0 to 5678.1 J 77 litres/minute (0 to 1 500 ..Ilnnc/ • , ^ (O to 5.000 

A, h,,^ K, „ : gallons/nun), respectively. In a preferred cmbodin«mt. 

««hardenableflu.d.cseaU„g„..Halispu™pedin.othea„„u,arregio^ 



( ■ 

and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating hi^ enou^ drculating pressures such that circulation mi^t be lost and 
that could cause the wellbore to collspse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoicy. In a prtferred onbodiment, the 
hardenable fluidic sealing material comprises blended c^nents designed 

10 qpecificalfy for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimal^ provide support for the new tubular 
member while also mBint.nming optimal flow characteristics so as to minimize 
operational difOeulties during the displacement of the cement in the annniflr 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial es^iansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferabfy is 
introduced into the fluid passage 962 thereby fluididy isolating the interior region 
966 of the tubular member 902 from the external annular region. Inapreferred 
embodiment, a non hardoiable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material In this manner, the 
amount of cured material within the interior of the tubular members 902 and 915 

30 is minimized. 

Once the interior r^on 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 jdb^ 



befixedoritaaybeexpandible. I>urn,g the extmsion process, the mandrel 906 
IS raised out of the expanded portions of the tubular members 902 and 915 using 

thesupportmember904.Duringthise.tn.sionprocess.theshoe908isprefera^^^ 
substantially stationary. 

5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

mtroducingthephxgordart974mtothefl«idpassage918atasurfacelocationin 
a conventional mam,er. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such as 
f™Ple.MultipleStageCementer(MSC)lateh.downplug,^^^ 

10 P^-Sorthree-wiperlatchdownplugmodifiedinaccordancewiththeteachingsof 
thepresent disclosure. In a preferred embodiment, the plug or dart 974 comprises 
aMSCktch^ownplugavailablefromHalliburtonEnergyServicesinDallas TX 
After placement of the plug or dart 974 in the fluid passage 962. the'non 
hardenable fluidic material is preferably pumped into the interior region 966 at 

16 P-;— «*^flow rates ranging fh>m approximately 34.473 to 620.52813 bar (500 to 

optunally extmdc the tubular members 902 and 915 offof the mandrel 906 

Forj^ tubuiax 902 »d 9,5. the exm«ion of the .bula, „.„*e„ 902 and 9,5 off 

^ 90 9, 5 Off Of the ^ndre. 906 hegi™ when U« p^„„ of the ioteHor .cgion 966 ^ches 
•pprexnmld, 82.7352 to S«6.04l to (1 200 « . <m , ■ . 8«>n voo itaom 

4731.7648 l,ires,TOiiK(401«12»8«llon!«nae). 

ponions ofthe tubular manbere 902 and 915 at rates r«,»». r , , 

lol 524n./sm,„'^i./ > , ™"="'™«"™|nift for example, ftom about 0 

lid "' = '"'f'™'-''"<'™»'.durin,theextn.8k«p,«.ss the 

906«.a.s.,ou. Of .heexp^^p^»3.fth.tubu,.„«.nber,«^.J^,r 
«-«sra„^„gft„,.ab„«0,o 0,6096 ™/K0.„2ft,aec)to„,der.o.pti™.,y;^^^ 

muW,„™bers902a„d9,5priortoc„nu,.ftheba^euablefluidic8eL.« 



When the upper end portion of the tubular member 915 is extruded off of 

the mandrel 906, the outer surfaceof the upper end portionofthe tubular member 
915 will preferably contact the interior surface of the lower end portion of the 

existingcasingto form anfluidtightoverlappingjoint.Thecontact pressure of the 
5 overlapping joint may range, for example, from approximately 3.447379 to U78.9514 
bar (50 to 20.000 psi). In a preferred embodiment, the contact pressure of the 
overlapping joint between the upper end of the tubular member 915 and the existing 
section of wellbore casing ranges from approximately 27.579028 to 689.4757 bar (400 to 
1 0,000 psi) in order to optimally provide contact pressure to activate the sealing members 
and provide optimal resistance such that the tubular member 915 existing wellbore casing 
will carry typical tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fhiidic material will be controllably ramped down when the mandrel 

906 reaches theupperendportion of the tubular member915. In thismanner.the 
15 sudden release of pressure caused by the complete ertnision of the tubijar 
member 915 off of the expandable mandrel 906 can be minimized. In aprefeired 
embodiment, the operating pressure is reduced in a substantiaUy linear fashion 
from 100% to about 10% during the emi of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 
20 extrusion process. 

Inanalternativepreferredembodnnent.theoperatingpressureand/orflow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controUed during all phases of the operation of the apparatus 900 to 
minimize shock. 

25 ^t«n»«vely.orincombination,ashockabsorberisprovidedinthesupport 
member 904 in order toabsorb the shockcausedbythe sudden release of pressure. 
Alternatively, or in combination, a mandrel catching structure is provided 

above the supportmember 904 in order to catch or atleastdecelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. Inapreferred embodiment, either before or after the removal of the 
mandrel 906. the int^ty of the fluidic seal of the overlapping joint between the 
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upper portion of the tubular member 916 and the lower portion of the existing 
casing ia tested using conventional methods. Ifthefluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncored portion of any of the 

6 hardenablenuidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner. The haidema>Ie fluidic sealing material 
within the annular region between the expanded tubular member 9 15 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material within 
10 the interior ofthe expanded tubular members 902 and 916 is then removed in a 
conventionalmannerusingaconventionaldrillstring. The resulting new section 
of casing preferably includes the expanded tiibular members 902 and 915 and an 
outer annular layer of cured hardenable fluidic sealing materiaL The bottom 
portion of the apparatus 900 comprising tiie shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 

necesaaiy to remove the entireapparatusgOOfromtheinterior ofthe wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the apparatus 900 in order to fedlitate the removal of 
20 the remaining sectiom,. In a preferred embodiment, tiiemterior elements of ti,e 
apparatus 900 are fehricated from materials such as. for example, cement and 
aluminum, that permit a conventional driU string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, tiie composition ofthe interior 

25 -^^i^nsrfthe mandrel 906 andshoe 908. indudingoneormoreofthebodyof 
cement 932, the spacer 938, the sealing sleeve 942. tiie upper cone retainer 944, 
the lubricator mandrel 946. tiie lubricator sleeve 948, the guide 950. the housing 
964. tiie body of cement 956, tiie sealing sleeve 958. and the extensbn tube 960. 

are selected to permit at least some of tiiese components to be drilled out usin^ 
30 conventional drilling methods and ^iparatua In this manner, in the event of a 
malfunction downhole, ttie iq,paratus 900 may be easily removed fitim tiie 
wellbore. 
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Referring now to Pigs. 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore wiU now be described. As 
iUustrated in Rg. 10a, a weUbore 1000 positioned in a subterranean formation 
1002 inehides a first casing 1004 and a second casing 1006. 
5 The first caong 1004 preferably indodes a tubular liner 1008 and a cement 

annulus 1010. The second casing 1006 preferably inchides a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Kgs. l-9c or below with referoice to Figs, lla-llf. 

10 In a particularly preferred embodiment, an upper portion of the tubular 

liner 1012overlapswithalowerportionofthe tubular liner 1008. In a particularly 
preferred embodiment, an outer sur&ce of the upper portion of the tubular liner 
1012 includes one or mote sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Kg. 10b, in order to create a tie-back liner that extends from 
the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that inchides an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120. a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1145, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand m a radial direction. The expandable mandrel 1105 m^ 
comprise anynumberofconventionalcommerda%available«q)andablemandrels 
25 J^odifiedinaccordancewiththeteachmg8ofthepre8entdi8clo8ure.Inapreferred 
embodiment, the e^«ndable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348.095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 11 10 is coupled to and supported by the expandable 

mandrelll05. The tubular member 1105 is fflq»anded in the radial direction and 
extruded off of the o^dable mandrel 1105. The tubular member 1110 may be 

06 



^ fabricated from any number of materials such as, for exai^bjei iOlIfielif dointri . = 
Tubular Goods. 13 chromium tubing or plastic piping. In a preferred embodiment, 
the tubular member 1 110 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1 1 10 may range, for 
example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 
121.92 cms (1.05 to 48 inches), respectively. In a preferred embodiment, tiie inner 
and outer diameters of tiie tubular member 11 10 range from about 7.62 to 39.37 
cms (3 to 15.5 Inches) and 8,89 to 40.64 cms (3.5 to 16 Inches), respectively in 
order to optimally provide coverage for typical oilfield casing sizes. TTie tubular 
member 1110 preferably comprises a soBd member. 

In a preferred embodiment, tiie upper end portion of ttie tubular member 
1 1 10 is slotted, perforated, or otfierwise modified to catch or slow down tfie 
mandrel 1 105 when it completes tfie exUusion of tubular member 1 1 10. In a 
preferred embodiment, ttie length of the tubular member 1 1 10 is limited to 
minimize die possibility of buckling. For typical tubular member 1110 materials, 
the lengtti of ttie tubular member 1 1 1 0 is preferably limited to between about 
12.192 to 6096m (40 to 20,000 feet) In lengtii. 

The shoe 1 1 15 Is coupled to ttie expandable mandrel 1 105 and ttie tubular 
member 1110. The shoe 11 15 includes the fluid passage 1135. TTieshoe Ill5may 
comprise any number of conventional commerdally available shoes such as. for 
example. Super Seal II float shoe. Super Seal 11 Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance witii ttie 
teachings of ttie present disclosure. Inapreferred embodiment, ttie shoe 1 1 15 
comprises an aluminum down-jet guide shoe witti a sealing sleeve for a latch, 
down plug witti side ports radiating off of ttie exit flow port available from 
Halliburton Energy Services in Dallas. TX, modified in accordance witti ttie 
teachings of ttie present disclosure, in order to optimally guide ttie tubular member 
1 1 00 to ttie overiap between ttie tubular member 1 100 and ttie casing 1012. 
optimally fluidicly Isolate ttie Interior of ttie tubular member 1 100 after ttie latch 
down plug has sealed, and optimally permit drilling out of ttie shoe 1 1 15 after 
completion of ttie expansion and cementing operations. 

In a preferred embodiment, ttie shoe 1 1 15 Includes one or more side outtet 
port* 1 140 in fluldic communication wiUi ttie fluid passage 1 135. In ttiis manner. 
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the shoe 1 1 15 iivects hardenable fluidic sealingmaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 

includesoneormoreof the fluid passages 1140 each havingan inlet geometry that 
can receive adartand/ora ball seaUng member. In this manner, the fluid passages 
5 1 140 can be sealed off by introducing a plug, dart and/or baU sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of 
thetubularmemberlllOa^jacenttotheexpandablemandrel 1105. Thecupseal 

10 1120 may comprise any number ofconventional commercially available cup seals 
such as. for example. TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup. available from Halliburton 

Energy ServicesinDallas.TXin order to optimaUyprovideabarrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position ac^acent to the «irikce to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 11356.2355 litres/minute (0 to 3.000 gallons/minute) 
25 and 0 to 620.528 1 3 bar (0 to 9.000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at operational efficient rates. 

Thefluidpassagell35permitefluidicmaterialstobetransmittedfromfluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105 
The fluid passages 1140 permite fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior r^on of the tubular member 1110 below the 



expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, orother similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages IWOarepreferablypositionedalongtheperipheiy of the 
shoe 1115. The fluid passages 1140 are preferabfy selected to convey materials 
10 such as cement, drilling mud or eposes at flow rates and pressures ranging from 
about 0 to 1 1356.2355 Utres/minute (0 to 3.000 gallonsAminute) and 0 to 62.52813 bar (0 
to 9.000 psi) in order to optimally fill the annular region between the tubular member 
1 1 10 and the tubular liner 1008 with fluidic materials, hi a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball seaHng 
member. In this manner, die fluid passages 1140 can be sealed off^by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1 130. ta a preferred embodiment.' 
the apparatus 1 1 00 includes a plurality of fluid passage 1 140. 

In an altemathre embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated from the exterior of the tubular member 1110. 

The seals 1145 ai« coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
ofthelowerendportionofthetubularmemberlllO. The seals 1145 permit the 
25 overlapping joint between the upper end poriaon of &e casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1146 may comprise any number of conventional commercially 
available seals such as. for example, lea4 mbber. Teflon™ or epoxy seals modified 
m accordance with the teachings of the present disclosure. In a preferred 

30 embodiment,thesealsll45comprisesealsmoldedfromStratalockepoxyavailable 
from HaUiburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulicsealintheoverlappingjointandoptimallyprovid 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
asufficientfrictionalforcetosupportthe expanded tubularmemberlllOfrom the 
5 tubular liner 1008. In a preferred embodiment, the ftictional force provided by the 
seals 1 145 .^nges from about 68.94757 to 68. 947.57 bar (1.000 to 1.000. 000 Ibf) in tension and 
compression in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105 
tubular member 1110. shoe 1115. and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 int« the v^ellbore 1000. m a preferred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 
Ulustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this mamier. ^ extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1160 may 
compnse any number of conventional commerdaUy available lubricants such as 
for example Lubriplate™. chlorine based lubricants or Cliinax 1500 Antisieze (3100). 

20 ^--P'eferredembodiment.thelubricantll50comprisesClimaxl600AnUseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston. IX in 
order to optimally provide hibrication for the extrusion process. 

^«P«fe"^embodiment.thesuppori:memberll50isthoroughlycleaned 
pnor to assembly to the remaining portions of the apparatus 1100. In this 
25 -^--.theintroductionofforeignmaterialintotheapp^^^ 

TTus minimizes the possibility of foreign material clogging the various flow 

passages and valvesof the apparatusllOOandtoensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process 

^ " P^^ly preferred embodiment, the apparatus 1100 inchides a 
30 packer 1 155 coupled to the bottom section of the shoe 11 15 for fluididy isolating 

the region ofthewellborelOOO below theappaxBtusllOO. In thismanner.fluidic 
matenals are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commerciaUy available packers such as, for example, EZ DrUl Packer. EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1 155 comprises an EZ Drill Packer available from HalUburton Energy Services in 
5 Dallas, TX. In an alternative embodunent, a high gel strength pill may be set 

below the tie-backinplaceofthepacker 1155. Inanother alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1100, a couple of wellbore vohimes are circulated in order to 
10 ensure that no foreign materials are located within the weUbore 1000 that might 
dogup the various flowpaasages and valves of the apparatus 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 



1105. 



As iUustrated in Pig. 10c. a hardenable fluidic sealing material 1 160 is then 
15 pumped from a surf-ace location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 

member lllObelowtheexpandablemandrelllOS.ThemateriallieOthenpasses 
from theinteriorregionof the tubular member 1110 into the fluid passages 1140 
The material 1160 t^en exits the apparatus 1100 and fills the amiular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

•Die material 1 160 my be pumped into the amiular region at pressures and flow rates 
ranging, for example, from about 0 to 344.73785 bar (0 to 5.000 psi) and 0 to 5678 1177 

25 litres/minute (0 to 1.500 gallo„s/min). «spectively. In a preferred embodiment, the material 
1 160 ,s pumped info the annular region at pressures and flow «tes specifically designed for the 
casuig si^es being run. the annular spaces being filled, the pumping equipment available, and the 
properties of the fluid being pumped. The optimum flow rates and pressures a« preferably 
calculated using conventional empirical methods. 

The hardenable fluidic sealing material 1160 may comprise any number of 

conventional commercially avaUable hardenable fluidicsealingmaterialssuchas 
for example, slag mix. cement or epmy. In a preferred embodiment, thi 
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hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimaUiy provide proper 6iq>port for the tubular 
member 1110 while maintaining optimum flowdiaracteristics so as to minimize 
5 operational di£Bciiltie8 during the displacement ofcement in the annular region^ 
The optimtun blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufiicient 
quantities to ensure that, upon radial eiq>ansion of the tubular member 1110, the 

10 annular r^on will be filled with material 1160. 

As illustrated in Fig. lOd, once the annular region has been adequate^ fiUed 
with matmal 1160, one or more plugs 1165^ or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby fluidicly isolating the interior 
region of the tubular member 1110 finom the Atini ii ft r region external to the tubular 

15 member 1110. In a preferred embodiment, anon hardenable fluidic niaterial 1161 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 c a usi n g the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other giTnilftr devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardenable fluidic 

20 material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes suflidently 
pressurized, the tubular meniber 1110 is extruded off of the expandable mandrel 
1105. Daring the extrusion process, the expandable mandrel 1105 is raised out of 

25 the eiqianded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introdudng the phigs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of conventional 
commercial^ available devices fipom plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber ballSi or darts modified in accordance with the teach^ 
of the present disclosure. 

Si 
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In a preferred embodiment, the plugs 1166 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the phxgs 1165 comprise a single latch down dart. 

After placemen, of fte plugs 1 165 in d« fluid passages 1 .40. the non hardenable fluidic material 
5 1161 ,s piefer^ly pun^ i„,o Ae interior region of the tubular member 1 1 10 below the mandrel 1 105 a. 
pressures and flow rates ranging ftom .ppmximately 34.473 to 620.52813 bar (500 to 9 000 psi) and 
151.4164 to 1.3. 562.355 litres/minute (40 to 30.000 gallons/nun). ,n a preferred embodiment, after 
placement of the plugs 1165 in the fluid passages 1.40. the non hardenable fluidic material 1161 is 
pnrfeiably pumped into 4e interior region of the tubuh^ member .110 below the mandrel 1105 at 
pressures and flow mtes ranging from approximately 82.737 to 586.0543 bar (1200 to 8500 psi) and 
.51.4.64 «, 473..7648 Utres/minute (40 to .250 gallons/min) in order to optimally provide extn^sion of 
typical tubuJars. 

For typical tubular member 1 1 10, the extrusion of the tubular member 1 110 off 
of the expandable mandrel 1 105 will begin when the pressure of the interior region of the 
tubular member 1110 below the mandrel 1 105 reaches, for example, approximately 
82.737 to 586.0543 bar (1200 to 8500 psi). In a preferred embodiment, the extmsion of 
the tubular member 1110 off of the expandable mandrel 1 105 begins when the pressure 
of the mtenor region of the tubular member 1110 below the mandrel 1 105 reaches 
apptoxmiately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1 105 may be raised out of 
the expanded portion of the tubular member 1 1 ,0 at rates ranging, for example, fmm 
20 about 0 to 1.524 m/s(0 to 5 ft/sec). In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1 105 is raised out of the expanded portion of the tubular 
member 1 110 at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
optimally provide permit adjustment of operational par^eters. and optimally ensure that 
the extrusion process will be completed before the material 1 1 60 cures 
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In a preferred embodiment, at least a portion 1180 of the tubular member 

lllOhasanintemaldiameterlessthantheoutsidediameterofthemandrelllOS 
m this manner, when the mandrel 1105 «cpands the section 1180 of the tubular 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
atleast the weilbore casingl012. In a particularly preferred embodiment, the seal 
iseffected by compressingthe seals lOiebetween the expanded sectionll80 and 
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the weDbore casing 1012. In a piefened embodiment, the contact pressure of the 
joint between-the expanded section 1 180 of the tubular member 1 1 10 and the 
casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 10.000 psi) in 
order to opUmally provide pressure to activate the sealing membeni 1 145 and 
provide opUmal resistance to ensure that the joint wiU withstand typical extremes 
of tensile and compressive loads. 

In an altemathre preferred embodiment, substantially all of the entire length 
of the tubular member II 10 has an internal diameter less than the outside 
diameter of the mandrel 1 105. In this manner, extmsion of the tubular member 
1 1 10 by the mandrel 1 105 results in contact between substantially all of the 
expanded tubular member 1 1 10 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1 1 10 and the casings 1008 and 1012 ranges from about 34.473785 to 
689.6757 bar (500 to 10.000 psf) in order to optimally provide pressure to activate 
the sealing members 1 145 and provide opUmal resistance to ensure that the joint 
wiU withstand typical extremes of tensile and compressive loads. 

In a prefened embodiment, the operating pressure and flow rate of the 
material 1161 ^ controBably ramped down when the expandable mandrel 1 105 
reaches the upper end portion ofthetubularmemberlllO. In this manner the 
sudden release of pressure caused by the complete extmsion of the tubular' 
member 1 110 off of the expandable mandrel 1 105 can be minimized. In a 
preferred embodiment, the operating pressure of the fluldic material 1 161 is 
reduced inasubstantially linear fashion from 100% to about 10% during the end of 
the extmsion process beginning when the mandrel 1 105 has completed 
approximately all but about 1 .524m (5 feet) of the extmsion process. 

Altemath^ely. or in combination, a shock absort,er is provided in the support 
member 1 150 in order to absorb the shock caused by the sudden release of 
pressure. 

Altematively. or in combination, a mandrel catching stmcture is provided in 
the upper end portion of the tubular member 1 1 10 In order to catch or at least 
decelerate the mandrel 1 105. 



Beferring to Fig. lOf, once the erfcmsion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a prefi^red 
embodiment, either befiure or after the removal of the expandable mandrel 1105, 
the integrity of the fhiidie seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the ihiidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
e3q)anded tubular member lllOisthenremoved in a conventional manner. The 

10 material 1160 witiiin the annular r^on between the tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. IQf, preferably any remaining cured material 1160 
within the interior of the e^ianded tubular member 1110 is then removed in a 
conventional manner usinga conventional drill string. The resulting tie-back liner 

15 ofcasing 1170 indudes the expanded tubular member 1110 and an outer anniilar 
layer 1175 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 

20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs. 1 la*l If, an embodiment of an apparatus and method 
for hanging a tubular liner ofifof an existing wellbore casing will now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 

25 formation 1205. Thewdlborel200inehideaanexistingcafiedBegtinn Iginhaving 
a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known manner to drill out material from the 
subterranean formation 1205 to form a new section 1230. 

30 As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing 

in a subterranean formation is then positioned in the new section 1230 of the 
weUbore 100. The a^iaratus 1300 preferably includes an eqmndable mandrel or 
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pig 1305, atubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340. a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 ispreferably adapted to controUably 
expand in a radial direction. The e^andable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic ejtpansion tool 
10 substantially as disclosed in U.S. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded ofi-of the expandable mandrell305. The tubular member 
131 0 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. Theinnerandouterdiametersofthetubularmemberl310mayrange,for 

20 example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 
1 2 1 .92 cms (1 .05 to 48 inches), respectively. In a preferred embodiment, the inner and 
outer diameters of the tubular member 1310 range fiom about 7.62 to 39.37 cms (3 to 
15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in order to optimally 
provide minimal telescoping eflect in the most commonly encountered wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the waU thickness and outer diameter of the upper portion 

1355 of the tubular member 1310 nmge from about 0.375 to 3.81 cms (3/8 to 1 inches) and 8.89 to 40.64 
cms (3 14 to 16 Inches), respectively. In a preferred embodiment, the wall thickness and outer diameter of 
30 the intermediate portion 1360 of the tubular member 1310 range fiom about 1.5825 to 1.905 cms (0.625 to 
0.75 inches) and 7.62 to 48.26 ems (3 to 19 inches), respectively. In a preferred embodiment, the wall 
thickness and outer diameter of the lower portion 1365 of 



the tubular member 1310 range from about 0.375 to 3.81 cms (3/8 to 1.5 inches) 
and 8.89 to 40.64 cms (3.5 to 16 inches), respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intemnediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
prefen^ed embodiment, the upper end portion 1355 of the tubular member 1310 is 
slotted, perforated, or otherwise modified to catch or slow dovm the memdrel 1305 
when it completes the extmsion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferably limited to between about 12.192 to 6096 m 
(40 to 20,000 feet) in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in accordance with the teachings of 
the present disclosure. In a preferred emtxKiiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug 
available from Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the tubular 
member 1310 into the wellbore 1200. optimaUy fluidicly isolate the interior of the 
tubular member 1310, and optimally permit the complete drill out of the shoe 1315 
upon the completion of the extmsion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
outlet ports in fluidic communication witti tfie fluid passage 1330. In this manner, 
ttie shoe 1315 preferably injects hardenable fluidic sealing material into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fhiid passage 1330 having an inlet geometry that can 
receive a fluidic sealmg member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the e3q)andable mandrel 1305. The fluid passage 1320 
preferably extends from a position ac^acent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centerline of the apparatas 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud. or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) 
and 0 to 620.52813 bar (0 to 9.000 psi) in order to optimally provide suflicient operating 
pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1316 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 totherebyblockflnrtherpassageoffluidicmaterials. Inthismanner, 
the interior region 1370 of the tubular member 1310 below the expandable' 
mandrel 1305 can be fluididy isolated from the region exterior to the tubular 
25 member 1310. This permits the hiterior region 1370 ofthe tubular member 1310 
belowtheexpandablemandrell306tobepressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerhne of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drillmg mud or epoxies at flow rates and pressures ranging from about 0 to 1 1356 2355 
30 htres/minutc (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to 
opt.n»lly fill the annular region between the tubular member 1310 and the new section 1230 of 
the wdlbore 1200 with Huidic materials. In a preferred embodiment, the fluid passage 1330 

Si 



includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the centerline of the apparatus 1300. The fluid 
passage 1336 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxies at flow rates and pressures ranging from about 0 to 1 13S6.23S5 

litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order 
to optimally fill the annular region betwem the tubular member 1310 and Oie new secdon 
1230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the iq>per end portion 1355 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1365 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise any number of conventional commerdalfy available seals 
20 such as, for example, lead, rubber, Teflon™, or epoxy seals modified in accordance 

with the teachingsofthepresentdisdosure. In a preferred embodunent, the seals 
1340 comprise seals molded from Stratalock epoxy available f^m Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydrauKc seal in the 

annulusof the overlappingjointwhile also creatingoptimalloadbearingcapability 
25 to withstand typical tensile and compressive loads. 

In apreferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the fnctional force provided by 
the seals 1340 ranges fiom about 68.94757 to 68,947.57 bar (1,000 to 1,000,000 Ibf) in 
30 order to optimally siq)port the expanded tubular member 1310. 

The support member 1346 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1316, and seals 1340. The support member 1346 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1845 further includes one or more conventional 
centralizers (not ilhistrated) to help stabilize the tubular member 1310. 
5 inapreferredembodiment,thesupportmember 1345 isthoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction offoreign material into theapparatus 1300 ismini^^ 
This the possibility of fomgn material dogging the various flow 

passages and valves of the apparatus 1300 and to ensure that no foreign material 

10 interior with the ezpansian process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch^lown plugs, Omega latch-down phigs or 
three-wq)er latch-down plug modified in accordance with the te achings of the 
present disclosure. In a prefored embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the eq>an8ionmandrell305. 

In a preferred embodimrat, before or after positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, acouple of wellbore vohimes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that mi^t dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated m Fig. 11c, a hardenable fluidic sealing material 1380 is then 
pumped from a sur&ce location into the fluid passage 1320. The material 1380 
then passes from the finid passage 1320, throui^ the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member ISIO below the expandable 
mandrel 1305. The material 1380 them passes from the interior r^pon 1370 hito 
the fluid passage 1330. llie material 1380 th«k exits the apparatus 1300 via the 
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fluid passage 1335 and fiUs the annular region 1390 between the exterior of the 
tubular member 1310 and the interior wall of the new section 1230 of the wellbore 
1200. Continued pumping of the material 1380 causes the material 1380 to fiU up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at pressures and flow 

rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.11 77 
litres/minute (0 to 1 ,500 gallons/min). respectively. In a preferred embodiment, the material 
1380 is pumped into the annular legion 1390 at pressures and flow rates ranging from about 0 to 
344.73785 bar (0 to 5000 psi) and 0 to 5678.1 1 77 litres/minute (0 to 1 .500 gallons/min), 
respectively, in order to optimally fill the annular region between the tubular member 1310 and 
10 the new section 1230 of the wellbore 1200 with the hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1380 comprises blended cements designed 

specificaUyfortheweUsectionbeingdriUed and available from HalUburton Energy 
Services in order to optimaUy provide support for the tubular member 1310 during 
displacementofthe material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities to ensure that, upon radial expansion of the tubular member 
13 10, the annular region 1390 of the new section 1230 of the wellbore 1200 will be 
filled with material 1380. 

As illustrated inKg. lid, once the annular region 1390 has been adequately 
25 filled with material 1380. a wiper dart 1395, or other similar device, is introduced 

into the fluidpassage 1320. The wiper dart 1396 ispreferably pumped through the 

fluid passage 1320 byanon hardenable fluidicmaterial 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As iUustrated in Fig. lie, in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiper plug 1350 causes the wiper phjg 1350 to decouple 
fi^m the mandrel 1305. The wiper dari; 1395 and wiper phig 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fluididy isolating the interior region 1370 of the tubvilar 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded ofTof the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support monber 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugginga fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs. Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Hallib\uix>n Energy Services in Dallas, TX 

After blocking the fluid passage 1330 using the vriper plug 1330 and wiper 
20 dart 1395, the non hard^iable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 lities/minute (0 to 
1500 gallons/min) in order to optimally extnide the tubular member 1310 off of the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within the 
2g interior of the tubular member 1 3 1 0 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330. the non hardenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging from approximately 34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 
11356.2355 Utres/minute (40 to 3.000 gallons/min) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 
30 in operating parameters during the extrusion process. 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for exan^le. approximately 34.473 to 620.52813 bar (500 to 9,000 psi). In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular member, geometiy of the mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 
10 During the extrusion process, the expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, fiom about 0 to 1.524 m/s (0 to 5 fl/sec). In a preferred embodiment, during' 
the extnision process, the expandable mandrel 1 305 may be raised out of the expanded 

portionofthembularmemberl310atratesrangingfromabout0to0.6096m(0to2 
ft/sec) in order to optimally provide an efficient process, optimally permit operator 
adjustoient of operation parameters, and ensure optimal completion of the extmsion 
process before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 13 10 is extmded off-of 
the expandable mandrel 1305. the outer surface ofthe upper end portion 1355ofthe 
tubular member 1310 will preferably contact the interior surface of the lower end portion 
20 ofthe casing 1215 to form an fluid tight overlapping joint the contact pressure of the 
overlappmg joint may range, for example, from approximately 3.447379 to 1 278 9514 
bar (50 to 20.000 psi). In a preferred embodiment, the contact pressure ofthe' 
overlappmg joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10 000 
ps.) m order to optimally provide contact pressure sufficient to ensure annular sealing 

««dP«>v>de enough resistance to withstand typical tensile and compressive loads, ha 
parucularly preferred embodiment, the sealing members 1340 wiU ensure an adequate 
fluidic and gaseous seal in the overlapping joint. 

In a prefened embodiment, the operating pressure and flow rate ofthe non 
hardenable fluidic material 1381 is controUably ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 ofthe tubular member 1310. In this 
mamier. the sudden release of pressure caused by the complete extrusion 
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of thetubular member 1310 ofifofthe expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extnudon process. 

Alternatively, or in combination, a shock absorber is provided in the siq)port 
membo- 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 m the upper end portion 1355 of the tubular member 1310 m order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed firom the wellbore 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 

15 overlappingjoint between the upper portion 1355 ofthe tubular member 1310 and 
the lower portion ofthe casing 1215 is tested using conventional methods. If the 
fluidic seal ofthe overlappingjoint between the upper portion 1355 ofthe tubuhir 
member 1310 and the tower portion of the casing 1216 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 is then removed in a conventional manner. The material 1380 within the nnTmi^f 
r^on 1390 is then allowed to cure. 

As ilhistrated m Fig. llf, preferably any remaining cured material 1380 
within the mterior of the expanded tubular member 1310 is then removed in a 
conventional manner usinga conventional drill string. The resulting new section 

25 of casing 1400 inchides the expanded tubular member 1310 and an outer annular 
l^TBT 1405 of cured material 305. The bottom portion of the apparatus 1300 

comprising the shoe 1315 may then be removedbydrilhngout the shoe 1315 using 
conventional drilling methods. 

A method of creating a casmg in a borehole located in a subterranean 
30 formationhasbeendescribedthatincludeshMtallingatubularlinerandamandpel 
intheborehole. A body offhiidic material is then ii^ected into the borehole. The 
tubular liner is than radially expanded l?y extruding the liner off of the mandreL 



The injecting preferably includes injecting a hardenable fluidic seeding material 
into an annular region located between the borehole and the exterior of the 
tubular liner; and a non hardenable fluidic material into an interior region of the 
tubular liner below the mandrel. The method preferably includes fluidicly isolating 
the annular region ftom the interior region before injecting the second quantity of 
the non hardenable sealing material into the interior region. The Injecting the 
hardenable fluidic sealing matertel is preferably provided at operating pressures 
and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 
567. 1 1 77 litresAninute (0 to 1 ,500 gallons/min). The injectii^ of the non 
hardenable fluidic material is preferably provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 1 51.4164 to 
1 1356.2355 litres/minute (40 to 3,000 gallons/min). The injecting of the non 
hardenable fluidic material is preferably provided at reduced operating pressures 
and flow rates during an end portion of the extmding. The non hardenable fluidic 
material is preferably injected below the mandrel. The method includes 
pressurizing a region of the tubular liner below the mandrel. The region of the 
tubular liner below the mandrel is preferably pressurized to pressures ranging from 
about 34.473 to 620.52813 bar (500 to 9,000 psi). The method preferably includes 
fluidicly isolating an interior region of the tubular liner from an exterior region of 
the tubular liner. The method further preferably includes curing the hardenable 
sealing material, and removing at least a portion of the cured sealing material 
located within the tubular liner. The method further preferably includes 
overiapping the tubular liner with an exisUng weUbore casing. The method further 
preferably includes sealing the overiap between the tubular liner and the existing 
wellbore casing. The method further preferably includes supporting the extruded 
tubular liner using the overiap with the existing wellbore casing. The method 
further preferably includes testing the integrity of the seal In the overiap between 
the tubular liner and the existing wellbore casing. The method further preferably 
includes removing at least a portion of the hardenable fluidic sealing material 
within the tubular liner before curing. The method further preferably includes 
lubricating the surface of the mandrel. The method further preferably includes 
abswbing shock. The method further preferably includes catching the mandrel 
upon* the completion of the extruding. 

6^ 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that inchides a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passa^. 
Themandrel is coupled to the supportmemberandincludesasecondfluidpassage. 
5 'n^etubularmemberiscoupledtothemandrel.Theshoeiscoupledtothetubular 
linerandincludesathirdfluidpassagB. The first, second and third fluid passages 
are operab^y coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure rehef passage. The support member further preferably inchides a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted topreventforeignmaterialfromenteringanmteriorregionofthe tubular 
member. The mandrel is preferably expandable. The tubular member is 
preferabfyfabricatedftom materials selected from the group consisting of Oilfield 
CountiyTubuIarGoods,13chromiumsteeltubing/casing,andplasticcasing. The 

15 mbular member p«fe»bly has inner and outer diameters raging from about 7.62 to 39.37 cn.s (3 to 15 5 
.ncbes, «d 8.89 to 40.64 cms (3.5 to 16 inches), respectively. TT« ^btUar member preferably has a plastic 
y.cld point r«ging from abotrt 275.9028 to 9307.92 195 bar (40.000 to 135.000 psi). 1^ tubular 

member preferably includesone or more seahngmembersat an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

Amethodofjoiningasecondtubularmembertoafirsttubularmember the 
25 fi'^ttubularmemberhavinganim.erdiametergreaterthananouterdiametlrof 
the second tubuiar member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tizbular member; and ertruding the 
30 «e<^ondtiabularmemberofrofthemandrelintoengagementwiththefirsttiibular 
member. The pressurizing of the portion of the interior region of the second 
tubularmemberispreferablyprovidedatoperatingpressuresrangingfromabout 



66 



( 

34.473 to 620.S2813 bar (500 to 9,000 psi). The pressuiizing of the ponioo of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably inchides 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surfiace of the mandrel. The method farther preferably 
includes absorbing shock. 

Aliner for use in creating a new section of wellbore casingin a subterranean 
10 fonnation adjacent to an ah-eady existing section of wellbore casing has been 
described that includes an annular member. The annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the amnilar member. 

A weUbore casing has been described that includes a tubular liner and an 
15 annularbodyofacuredfluidicsealmgmaterial. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular Uner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weUbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of iiyecting a body of hardenable fluidic sealing material into an annular 
region external ofthe tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fhiidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to piessures nmging from about 34.473 to 620.528 13 bar (500 to 9.000 psi). TTie tubular Itner prefcmbly 
25 overlaps withanexistingweUborecasing. The wellbore casing preferably further 

indudesaseal positioned in theoverlap between the tubular liner and the existing 
weUbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existmg section of a wellbore casing within a 
30 borehole has been described that includes installing a tubular liner and a mandrel 
within the weUbore casing, injectingabody of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



expanding the liner in the borehole by extruding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
of slag mix, cement^ drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 

rates ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562.355 
litres/minute (40 to 3,000 gallonsAnin). In a prefeired embodiment, the injecting of the body of fluidic 
material is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 in a prefi^redenibodimenty the fluidic material is ii^ected below In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 

mandrel is pressurized to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment^ the method further includes overlapping the tubtdar liner 

15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodimenti the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method fiuther includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 

25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material The tubular liner is formed by the process of extruding the tubular liner 
off of a mandreL The annular body of a cured fluidic sealing material is coupled 

30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodunent, 



during the pressurizing, the interior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubxxlar liner is pressurized at pressures ranging from about 
34.473 to 620.52813 bar (500 to 9,000 psi). In a preferred embodiment, the annular body of a cured fluidic 

5 sealing material is formed by the process of injecting a body of hardenable fluidic 
sealing material into an annular region between the existing wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another eTistlng wellbore casing. In a preferred embodiment, the tie*back liner 
fiirther includes a seal positioned in the overlap between the tubular liner and the 
10 other existing wellbore casing. In a prefixed embodiment, tubular liner is 
supported hy the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion ofthe mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel inchides a tubular member and a load bearing 
member. Preferahfy, the load bearing member comprises a drillable body. 
Preferably, the interior portion ofthe shoe inchides a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansion cone is fabricated &om materials selected from the group 
consisting of tool steel, titanium, and ceramic. Preferably, the expansion cone has 
a surface hardness ranging fi^m about 58 to 62 Rockwell C. Preferably at least a 
portion ofthe apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in tiie foregoing disclosure. In some instances, some features of the present 



^ .vention may be eiiq)lo!yed without a conresponding use of the other features. 
Accordingly, it is ^rppriate that the ai>pended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. A method of creating a casing in a borehole located in a 
subterranean formation, comprising: 

instalhng a tubular liner and a mandrel in the borehole; 
injecting a fluidic material into the borehole; 
injecting the fluidic material through the mandrel; 

pressurizing a portion of an interior region of the tubular liner below the 
mandrel; and 

radially expanding at least a portion of the tubular liner in the borehole 
by extruding at least a portion of the tubular liner off of the mandrel. 

2. A method of creating a casing in a borehole located in a section 
of a subterranean formation, the borehole having an already existing casing, 
comprising: 

drilling out a new section of the borehole adjacent to the already existing 

casing; 

placing a tubular liner and an expandable mandrel into the new section 
of the borehole; 

overiapping the tubular liner with the already existing casing; 

injecting a hardenablc fluidic sealing material into an annular region 
between the tubular liner and the new section of the borehole; 

fluidicly isolating the annular region between the tubular liner and the 
new section of the borehole from an interior region of the tubular liner below 
the mandrel; 

injecting a non hardenable fluidic material into the interior region of the 
tubular liner below the mandrel; 

extruding the tubular liner oflFof the expandable mandrel; 

sealing the overlap between the tubular liner and the already existing 

casing; 

supporting the tubular liner with the overlap with the already existing 

casing; 
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removing the mandrel from the borehole; 

testing the integrity of the seal of the overlap between the tubular liner 
and the already existing casing; 

removing at least a portion of the hardenable fluidic sealing material 
5 from the interior of the tubular liner, 

curing the remaining portions of the hardenable fluidic sealing material; 

and 

removing at least a portion of the cured hardenable fluidic sealing 
material within the tubular liner. 

10 

3. An apparatus, comprising: 

a support member^ the siq>port member including a first fluid passage; 
a mandrel coiq>led to the support member, the mandrel including: . 
a second fluid passage; 
15 a tubular member coupled to tfie mandrel; and 

a shoe coupled to Ae tubular member, the shoe including a third fluid 
passage; 

wherein the first, second and third fluid passages are operably coupled. 

4. An apparatus, comprising: 
a support member, the support member including: 
a first fluid passage; 
a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a fliird fluid passage coi^led to the first fluid passage; 

a tubular member coupled to the mandrel, the tubular member including 
one or more sealing elements; 

a shoe coupled to the tubular member, the shoe including: 
a fourth fluid passage coupled to the third fluid passage, the fourth fluid 
passage adapted to receive a stop member; and 

-7Z 



one or more exhaust passages coiqiled to the fourth fluid passage for 
injecting fluidic material outside of the shoe; and o 

at least one sealing member coupled to the support member, the sealing 
member adapted to prevent the entry of foreign material into an interior region 
of the tubular member. 

5. A method of joining a second tubular member to a first tubular 
member, the first ttibular member having an inner diameter greater than an 
outer diameter of the second tubular member, comprising: 

positioning a mandrel within an interior region of the second tubular 
membo-; 

pressurizing a portion of the interior region of the second tubular 
member below the mandrel by injecting a fluidic material into the second 
mbular member tiirough the mandrel; and 

extruding the second tabular member off of the mandrel into 
engagement with the first tubular member. 

6- An apparatus, comprising: 

a support member including a first fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of tiie mandrel is drillable; 

an expandable tubular member coupled to the mandrel; and 

a shoe coupled to the tabular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

whaein the intwior portion of the shoe is drillable. 
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The method of claim 1, wherein the injecting includes: 

V3 



injecting hardenable fluidic sealing material into an annular region 
located between the borehole and the exterior of the tubular liner; and 

injecting non hardenable fluidic material into an interior region of the 
tubular liner below the mandrel. 

8. The method of claim 7, further conprising: 

fluidicly isolating the annular region firom the interior region before injecting 
the non hardenable fluidic material into the interior region, 

9. The method of claim 7, wherein the injecting of the hardenable 
fluidic sealing material is provided at operating pressures and flow rates 
ranging from 0 to 344.738 bar (0 to 5,000 psi) and 0 to 5618.12 litres/min (0 to 
1,500 gallons/min). 

10. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at operating pressures and flow rates 
ranging from 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
1 1356,2355 litres/min (40 to 3,000 gallons/min). 

11. The method of claim 7, wherein the injecting of the non 
hardenable fluidic material is provided at reduced operating pressures and flow 
rates during an end portion of the extruding. 

1 2. The method of claim 1 , wherein the portion of the tubular liner 
below the mandrel is pressurized to pressures ranging from 34.473 to 
620.52813 bar (500 to 9.000 psi). 

13. The method of claim 1, further comprising: 

fluidicly isolating an interior region of the tubular liner from an exterior 
region of the tubular liner. 



14. The method of claim 13, wherein the interior region of the 
tubular liner isolated from the region to the tubular liner by inserting one or 
more plugs into Ae injected fluidic material. 

5 15. The method of claim 1 , ftirther comprising: 

curing at least a portion of the fluidic material; and 
removing at least a portion of the cured fluidic material located within 
the tubular liner. 

10 16. The method of claim 1 , further comprising: 

overlapping the tubular liner with an existing wellbore casing. 

17. The method of claim 16, further comprising: 

sealing the overlap between the tubular liner and the existing wellbore 

15 casing. 

1 8. The method of claim 1 7, further comprising: 

supporting the extruded tubular liner using the overlap with the existing 
wellbore casing. 

20 

1 9. The method of claim 17, fiirther con^rising: 

testing the integrity of the seal in the overlap between the tubular liner 
and the existing wellbore casing. 

2 5 20. The method of claim 15, further comprising: 

removing at least a portion of the hardenable fluidic sealing material 
within the tubular liner before curing. 

2 1 . The method of claim 1 , further comprising: 

3 0 lubricating the surface of the mandrel. 



22. The method of claim 1, further comprising: 



( 



absorbing shock. 



23. The method of claim I, fiirther comprising: 
catching the mandrel upon the completion of the extruding. 

5 

24. The method of claim 1 , further comprising expanding the 
mandrel in a radial direction. 

25. The method of claim 1 . further including: 
1 0 drilling out the mandrel. 

26. . The method ofclaiml, further including: 
supporting the mandrel with coiled tubing. 

15 27. The method of claim 1, wherein the wall thickness of the tubular 

liner is variable. 

28 . The method of claim 1 , wherein the mandrel is coupled to a 
drillable shoe. 

20 

29. The apparatus of claim 3, wherein the support member further 
includes: 

a pressure relief passage; and 

a flow control valve coupled to the first fluid passage and the pressure 
25 relief passage. 

30. The apparatus of claim 3, wherein the support member further 
includes a shock absorber. 

30 31. The apparatus of claim 3 , wherein the support member includes 

one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular member. 



32. The apparatus of claim 3, wherein the support member includes 
one or more stabilizers. 

33. The apparatus of claim 3, wherein the mandrel is expandable. 

34. The apparatus of claim 3, wherein the tubular member is 
fabricated from materials selected from the group consisting of automotive 
grade steel, plastic and chromium steel. 

35. The apparatus of claim 3, wherein the tubular member has inner 
and outer diameters ranging from 1 .905 to 1 19.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1.05 to 48 inches), respectively. 

36. The apparatus of claim 3, wherein the tubular member has a 
plastic yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 
135,000 psi). 

37. The apparatus of claim 3, wherein the tubular member includes 
one or more sealing members at an end portion. 

38. The apparatus of claim 3, wherein the tubular member includes 
one or more pressure rehef holes at an end portion. 

39. The apparatus of claim 3, wherein the tubular member includes a 
catching member at an end portion for slowing down movement of the mandrel. 

40. The apparatus of claim 3, wherein the shoe includes: 

a fluid conduit coupled to the third fluid passage, the fluid conduit 
adapted to receive a plug for blocking the fluid conduit 
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41 . The apparatus of claim 3, wherein the support member comprises 
coiled tubing. 

42. The apparatus of claim 3, wherein the shoe includes one or more 
exhaust passages coupled to the third fluid passage for injecting fluidic material 
outside of the shoe. 

43. The apparatus of claim 3, further comprising at least one wiper 
plug removably coupled to the mandrel. 

44. The ^paratus of claim 43, wherein the wiper plug includes a 
fluid passage operably coupled to the second fluid passage. 

45. The apparatus of claim 3, wherein at least a portion of the 
mandrel and shoe are drillable. 

46. The apparatus of claim 3« the wall thickness of the tubular 
member in an area adjacent to the mandrel is less than the wall thickness of the 
tubular member in an area that is not adjacent to the mandrel. 

47. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided at operating 
pressures ranging from 34.473 to 620.52813 bar (500 to 9,000 psi). 

48. The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided at reduced 
operating pressures during a latter portion of the extruding. 

49. The method of claim 5, further comprising: 

sealing the interface between the first and second tubular members. 

50. The method of claim 5, further comprising: 



supporting the extruded second tubular member using the interface with 
the first tubular member. 

5 1 . The method of claim 5, further conprising: 
5 lubricating the surface of the mandrel. 

52. The method of claim 5, further comprising: 
absorbing shock. 

10 53. The method of claim 5, further comprising: 

expanding the mandrel in a radial direction. 

54. The method of claim 5, further comprising: 
positioning the first and second tubular members in an overlapping 

15 relationship. 

55. The method of claim 5. further conq)rising: 

fluidicly isolating an interior region of the second tubular member firom 
an exterior region of the second tubular member. 

20 

56. The method of claim 55, wherein the interior region of the 
second tubular member is fluidicly isolated fi-om the region exterior to the 
second tubular member by injecting one or more plugs into the interior of the 
second tubular member. 

25 

57- The method of claim 5, wherein the pressurizing of the portion of 
the interior region of the second tubular member is provided by injecting a 
fluidic material at operating pressures and flow rates ranging fi-om 34.473 to 
620.52813 bar (500 to 9,000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 
30 to 3,000 gallons/minute). 



58. The method of claim 5, further comprising: 
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injecting fluidic material beyond the mandrel. 

59. The method of claim 5, wherein the region of the tubular liner 
beyond the mandrel is pressurized to pressures ranging from 34.473 to 
620.52813 bar (500 to 9,000 psi). 

60. The method of claim 5, wherein the first tubular member 
comprises an existing section of wellbore. 

6 1 . The method of claim 5, further comprising: 

supporting the extruded second tubular member using the first tubular 
member. 

62. The method of claim 49, further compnsmg: 

testing the integrity of the seal in the interface between the first tubular 
member and the second tubular member. 

63. The method of claim 5, further comprising: 
catching the mandrel upon the completion of the extruding. 

64. The method of claim 5, further comprising: 
drilling out the mandrel. 

65. The method of claim 5, further conqnising: 
supporting the mandrel with coiled tubing. 

66. The method of claim 5, further con^rising: 
coupling the mandrel to a drillable shoe. 

67. The apparatus of claim 6, wherein the interior portion of the 
mandrel includes: 

a tubular member; and 

to 



a load bearing member. 

68. The apparatus of claim 67, wherein the load bearing member 
comprises a drillable body. 

5 

69. The apparatus of claim 6, wherein the interior portion of the shoe 
includes: 

a tubular member; and 
a load bearing member. 

10 

70. The apparatus of claim 69, wherein the load bearing member 
comprises a drillable body. 

71 . The apparatus of claim 6, wherein the exterior portion of the 
1 5 mandrel comprises an expansion cone. 

72. The apparatus of claim 7 1 , wherein the expansion cone is 
fabricated from materials selected from the group consisting of ceramic, tool 
steel, titanium and low alloy steel. 

20 

73. The apparatus of claim 71 , wherein the expansion cone has a 
surface hardness ranging from about 58 to 62 Rockwell C. 

74. The apparatus of claim 6, further comprising: 

2 5 one or more wiper plugs coupled to Ifae mandrel 

75. The apparatus of claim 74, wherein the wiper plug includes a 
fluid passage fluidicly coupled to the second fluid passage. 

3 0 76, The apparatus of claim 6, wherein the support member comprises 

coiled tubing. 
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77. The method of claim 1, wherein the interface between tfie 
mandrel and the tubular liaer is not fluid tight 

78. The method of claim 2, wherein die interface between the mandrel 
and the tubular liner is not fluid tight. 

79. The apparatus of claim 4, wherein the interface between the 
tubular member and the expandable mandrel is not fluid tight. 

80. The method of claim 5, wherein the interface between the second 
tubular member and the mandrel is not fluid ti^t. 

81. The apparatus of claim 6, wherein Hie interface between Ae 
mandrel and the tubular member is not fluid tight 

82. An apparatus, comprising: 

a support member defining a first fluid passage; 
an expansion mandrel coupled to the support member including an outer 
expansion siuface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubxilar liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

and 

wherein the interface between the tubular liner and the expansion 
mandrel is not fluid tigjit 

83. The apparatus of claim 82, wherein die 
support member further includes a shock absorber. 




84. The apparatus of claim 82, wherein the support member includes 
one or more sealing members adapted to prevent foreign material from entering 
an interior region of the tubular liner. 

5 85. The apparatus of claim 82, wherein the support member includes 

one or more stabilizers. 

86. The apparatus of claim 82, wherein the expansion mandrel is 
expandable. 

10 

87. The apparatus of claim 82, wherein the tubular liner is fabricated 
from materials selected from the group consisting of automotive grade steel, 
plastic and chromium steel. 

15 88. The apparatus of claim 82, wherein the tubular liner has inner 

and outer diameters ranging from 1.905 to 1 19.38 cms (0.75 to 47 inches) and 
2.667 to 121.92 cms (1.05 to 48 inches), respectively. 

89. The apparatus of claim 82, wherein the tubular liner has a plastic 

2 0 yield point ranging from 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). 

90. The apparatus of claim 82, wherein the tubular liner includes one 
or more sealing members at an end portion. 

25 91. The apparatus of claim 82, wherein the tubular liner includes one 

or more pressure relief holes at an end portion. 

92. The apparatus of claim 82, wherein the tubular liner includes a 
catching member at an end portion for slowing down movement of the 

3 0 expansion mandrel. 
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93. The apparatus of claim 82, wherein the shoe further defines an 
fluid conduit coupled to the third fluid passage, the fluid conduit adapted to 
receive a plug for blocking the fluid conduit. 

5 94. The apparatus of claim 82, wherein the support member 

conqsrises coiled tubing. 

95. The apparatus of claim 82, wherein the shoe includes one or 
more exhaust passages coupled to the third fluid passage for injecting fluidic 
1 0 material outside of the shoe. 



96. The ^paratus of claim 82, further comprising at least one wiper 
plug removably coupled to the expansion mandrel. 

1 5 97. The apparatus of claim 96, herein the wiper plug defines a 

fourth passage operably coupled to fte second fluid passage. 

98. The ^paratus of claim 82, wherein at least a portion of the 
expansion mandrel and shoe are drillable. 

20 

99. The apparatus of claim 82, the wall thickness of the tubular liner 
in an area adjacent to the expansion mandrel is less than the wall thickness of 
the tubular liner in an area that is not adjacent to the expansion mandrel. 



25 1 00. The apparatus of claim 82, wherein third fluid passage defined by 

the shoe comprises one or more radial passages defined by the shoe. 

101. The apparatus of claim 82, further comprising a packer coupled 
to the shoe. 

30 

102. The apparatus of claim 82, wherein the wall thickness of a 
portion of the tubular liner above ttie expansion surface of the expansion 
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mandrel is greater than the wall thickness of a portion of the tubular liner below 
the expansion surfece of Ae expansion mandrel. 



103. An apparatus, comprising: 
5 a support member defining a first fluid passage; 

an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 
a tubular liner coupled to the expansion mandrel; 
a shoe coupled to the tubular liner defining a third fluid passage; and 
10 a packer coiqsled to the shoe; 

wherein Ac first, second and third fluid passages are operably coupled. 

104. An apparatus, comprising: 
a support member defining a first fluid passage; 
15 an expansion mandrel coupled to the support member including an outer 

expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 

a shoe coupled to the tubular liner defining a third fluid passage; 

wherein the first, second and third fluid passages are operably coupled; 

20 and 

wherein the third fluid passage defined by the shoe comprises one or 
more radial passages. 

105. An apparatus, comprising: 
25 a support member defining a first fluid passage; 

an expansion mandrel coupled to the support member including an outer 
expansion surface and defining a second fluid passage; 

a tubular liner coupled to the expansion mandrel; and 
a shoe coupled to the tubular liner defining a fhiid fluid passage; 
wherein the first, second and third fluid passages are operably coupled; 

and 
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wherein the wall thickness of a portion of the tubular liner above the 
expansion surface of the expansion mandrel is greater than a wall thickness of 
portion of the tubular liner below the expansion surface of the expansion 
mandrel. 
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